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INHIBITION OF S-LIPOXYGENA$E AND CYCLDOXYGENASE PATHWAY MEDIATED 
DISEASES 



2 0 This inventus relates to a method of treating 5-Itpoxygena$e and 

cyclooxygenase patfiway mediated diseases. 
BACKGROUND OF THE INVENTION 

The metaboKsmofarachidonic acid occurs by many pathways. One route 
of metabolism is via the cyclooxygenase (CO) mediated patiiway which produces PGH2 

2 5 which is in turn metabolized to the prostanoids (PGE2, TxA2, and prostacyclin). These 

products are produced by various cells including polymoiphonuclear leukocytes, mast cells 
and monocytes. Another route is by the lipoxygenase mediated pathway which oxidizes 
axachidomc add initially to 5-hydropanoxy*eicosatetraenoic acid (S-HPETE) which is 
further metabolized to LTA4» Ae prBCurscH* to the pepddoleuloitrienes (LTC4 LTD4, and 

3 0 LTB4) and LTB4. Additionally 5-HRETE is conversed to 5*hydroxyeicosatetraenoic add 

(5-HETE). 

Lipoxygenases are classified according to die position in the aiachidonic 
arid which is oxygenated Platelets metabolize arachidonic add to 12-HETE, while 
polymorphonuclear leukocytes (PMNs) contain 5 and 15 lipoxygenases. It is known that 
3 5 12-HETE and 5,12-diHETE are chemotactic for human neutrophils and eosinophils, and 
may augment the inflammation process. 5-HPETE is known to be a precursor to the 
peptidyllcukotrienes, formerly known as slow reacting substance of anaphylaxis (SRS-A) 
and LTB4. The SRS family of molecules, such as leukotrienes C4 and D4 have been 
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shown to be potent hronchoconstrictors* LTB4 has been shown to be a potent chemotatic 
for PMNs. The products of the 5-lipoxygcnase pathway are believed to play an important 
xole in initiating and maintaining the inflanunatory response of asthma, allergy, arthritis, 
psoriasis, and inflammatoiy bowel disease* It is believed diat blockage of this enzyme will 
5 intenupt the various pathways involved in these disease states and as such inhilntDrs 
should be useful in treating a varied of inflammatory £seases, such as thcxse inumexated 
above. The absence of selective inhibitors of lipojQrgaiase, as oppc^ to cyclooxygenase, 
which are active in vivo has ptwcatsd adequate investigation of Ae lole of leukotrienes in 
inflammation. 

1 0 The arachidonic acid oxygenated products, as noted above, have been 

identified as mediators ofvarious inflammatory conditions. The various inflam-matory 
disease states caused by these mediators and many other conditions, as discussed herein, 
axe all conditions in which an oxygenated polyunsaturated &t^ add metabolite inhibitor, 
such as a 5-Iipoxygense (5-LO) inhibitor, would be indicated 

1 5 The arachi(k»nic add oxygenated products, as noted above, have been 

identified as mediatois ofvarious inflanonaatory conditions. Such inflammatory conditions 
ate xheumatoid arthritis, bnmchial inflammation, inflammatory bowd disease, asthma, 
cazdiovasular disorders, glauccnna, enophysema, acute leqi^^ 
lupus, gout, psoria^s, pyresis, pain and other all^gic oriented disorders such as allergic 

2 0 ifainits, food aller^es, and uticaria. These disease states and additicmal condiditions such 
as blood platelet aggregation, and notably conditions resulting from thr<Mnbosis, including 
total or partial thrombosis, coronary thrombosis, phlebitis and phlebothrombosis (also 
associated witii inflammation), are all conditions m which a dual inhibitor of botii CO and 
5-LO would be indicated. 

2 5 There remains a need for tteatment, in tiiis field, for confounds which are 

effective inhibiKirs of tfie products formed by oxygoiation of poly-unsatarated &tty adds, 
such as arachidonic add. By inhitntion of the oxygenated polyunsaturated fatty adds 
Oiexdnafiter OPUFA), such as by inhiUting tiie enzymes 5-iipoxygenase (5-LO) and 
cyclooxgenase (CX)) the formation of various leubitrienes and prosta^bandins will be 

3 0 prevented. 

SUMMARY OFTHE TNVETgTTON 

This invention relates to a method of treating an OPUFA mediated disease in a 
subject in need thereof which comprises administering to such subject an effective OPUFA 
3 5 inhiMting amount of a compound of the formula 
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^2 

H 

N 

FORMULA 0) 



wbetdn: 



W is ^CR5=CR7-, -N^CRv-, -S- or 
5 R2, R3, R5, and R7 are, independently, -H or C1.2 alkyl; 

one of Rj and Rq is 4-pyridyl or C1-4 alkyl-4-pyridyl, provided that when Rj 
is Ci^ alkyl-4-pyridyl the alkyl subsdtuent is located at the TrpoAlim d the pyridine ring, 
and the other of Ri andRQis 

(a) phenyl or monosubstituted pbmyl wherein said substituent is C}^ 
1 0 allqrl, halo, hydroxy, Ci^ alkoxy, C1.3 alkyltfaio, Cj-s aUgrlsidfinyl, C2. 

5 l-alkmyl-l-diio, C2-5 l-alkcnyl-l-solfinyl, alkylsulfonyl, C2-5 1- 
altenyM-solfonyl, C3.5 2-alkenyl-l-sulfonyl, C3.5 2-aIkenyl-l'Salfonyl, 
C1.3 alkylamino, C1.3 dialkylamino, CF3, N-(Ci.3 alkan-amido), N«(Ci. 
3 alkyl)-N-(Ci.3aIkanamido), N-pyrrolidino, N-pq)OTdino, prop-2-ene-l- 

1 5 oxy, 2,2,2-trihaloethoxy, thiol, acylthio, dithioacyl, thiocarbamyl, ditfaio- 

carijamyl, alkylcaibonylalkylfliio. carbalkoxyalkylfliio, alkoxycarbonylthio, 
alkoxythionothio, phenyltfaio, phenylsulfinyl, alkoxyalkylthio, alkoxyalkyl- 
sulfinyl, alkylthioalkylthio, Z, or acyloxyallcylthio; 

(b) disubstituted phenyl wherein said substioitmts are, independently, 

2 0 C1.3 alkyldiio, C1.3 alkoxy, halo, Cj^ alkyl, C1.3 alkylamino, N-(Ci. 

3aIkyO-N-(Ci.3 alkanamido, C1.3 dialkylamino, amino, N-pyrrolidino or 
N-piperidino; 

(c) disubstituted phenyl wherdn one of said substituents is C1.3 
alkoxy, halo, Ci^ allgri or CF3, and the odier subsdtuent is thiol, 

2 5 alkylsulfinyl, acylthio, didiioacyl, thiocarbamyl, dithiocarbamyl, 

alkylcaiix)nylalkyldiio, carbalkoxyalkylthio, alkoxycarbonylthio, 
alkoxythionothio, phenylthio, phenylsulfinyl, alkoxyalkylthio, 
alkoxyalkylsulfinyU alkylthioalkylthio, Z, ot acyloxyalkylthio; or 

(d) disubstituted phenyl wherein one of said subsdtuents is amino, 

3 0 C1.3 alkylamino or Ci .3 dialkylamino; and die odier subsdment is C1.3 

alkylsulfinyl, C2-5 -1-aIkenyH-diio, C2.5 1-alkenyl-l-sulfinyl, Cj^s 2- 
alkcnyl-l-diio, C3.5 2-alkenyl-l- sutfinyl, thiol, acylthio, diduoacyl, 
thiocarbamyl, dithiocarbamyl, allgflcarbonylalkylduo, carfoaltoxyalkylthio, 
alkoxycarbonyldiio, alkoxythionothio, phenylthio, phenylsulfinyl. 
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alkoxyalkylthio, alkoxyaUcyU Ifinyl, alkylthioalkylthio, Z, or 
ac^loxyalkyltMo; or 

(e)disab5titiited phenyl \ letein said substitueats are the same and aie 

selected fiom halo, Ci«3 alkc y, Cx.3 alkylamino, dialkylamino, 

5 pynolidino, N-piperidino, 2, 2-trihaloedioxy, piop-2-ene-l-o3Qr, 

hydroxy, alkylihio, Ci. alkylsulfinyl, €1.3 alkyl-sulfonyl, C2-5 1- 
alkd^H-tWo, C2.5 -l-alken I-l-sulfinyl, C3.5 2-aIkenyH-thio, €3.5 2- 
aIkenyl-1-suIfinyl, thiol, acyl io, dithioacyl, Aiocarbamyl , dithio- 
carbamyl, alkylcarbonylalkyi io, carbalko^-alkyltMo, alkoxycaibonyl- 
10 thio, altoxyduonolhio, phen} iiio, phenylsulfiinyl, alkoxyalkylthio, 

alkoxyallcylsiilfinyl , allgrlthii Jkylthio, Z, or acyloxy alkyltfaio; orwheiein 
die sabsdtueats together fonr imediylenedioic^ group; 
(Oamdetyofoneoftfae :>llowmgfinmiilae: 



or 

?2 ?3 



wherdntisOorl; 

R4andR6areuidependently elected from hydrogen, Cx.9alkyl,aiyl or 
hetetoatyl; 

20, Zis-S-(CR4R6)rS-Zi; 

ZiisCi-pall^Uarylorhete >aryl; 
or a phannaceutically accep^Eible salt thneof 

Another aspect of this inventior elates to a method of treating a 
cyclooxygenase pathway mediated disease i a subject in need thereof which comprises 
25 administering to such subject an effective, n i-toxiccydoosqrgenase pathway inhibiting 
amount of a compound of Formula (I). 
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Another aqject of this invention relates to the novel compounds of Formula 
(II) and a pharmaceutical composition comprising a pharmaceutically acceptable carrier or 
diluent and an effective amount of a compound of Fonnula (H). 

Another aspect of this invwtion relates to a method of treating an OFUFA 
mediated disease in a subject in need thereof whidi comprises administecing to such subject 
an effective, OPUFA inhibiting amount of a c(Hxq)ound of Formula (DD- The compounds 
of Rmnula CD) are also effective cyclooxygenase infaiUtars and tiierefor useful in tiie 
treatmmt of CO mediated disease stales as well 

Anotiier aspect of this invention xelates to a metiiod of treating an OPUFA 
mediated disease in a subject in need thereof which comprises administering to such subjea 
an effective, OPUFA inhibiting amount of a compound of Formula (III). The compounds 
of Fonnula QB) are also effective cyclooxygenase inhibitors and tiierrfor useful in the 
treatment of CO mediated disease states as well. 

15 nPTAH TTH DESCRIPTION OF THE HSrVENTTON 

This invention relates to a metiiod of udng the compounds of Fomiula (!)> as 
desoibed above, for OFUFA mediated diseases comprising administraticm of an effective 
ammmt of a compound of Fmnula (I) to a mammal, including humans, in need th^eof. 
Plrrferably tiie enzyme 5-lipo>grgenase is inhibited The invention further relates to a 

2 0 metiKxl of treating a cyclooxygenase pafliway medial disease, which process comprises 

admirustration of an effective amount of a compound of Formula (Q to a mamnaal, 
including humans, in need th^eof. 

This invention also relates to the novel compounds . of Fcnmula (II), described 
below and pharmaceutical compositions comprising a com^und of Fontnula (D) and a 
25 pharmaceutically accq)table carrier or diluent This invention also relates^ a method of 
nssng tiie compounds of Formula (O) fa: treating OPUFA mediated disease, preferably by 
inhiUtion of the 5-Iipoxygenase enzyme in a mammal, including humans, in need tii^eof. . 
This inventicm also relates to a n^tiiod of treating a (^cloojqfgenase pathway mediated 
disease comprii^g administration of an effective amount of cydoojcygenase patiiway 

3 0 inhiUting amount of a compound of Fonnula (II) to a mammal, including humans, in need 

of such inhibition. 

The compounds of Fcmnula (II) are encompassed within the genus of the 
compounds of Formula 0) and are represented by the stmcture: 
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F€xnnuIa(ID 



wherein 



W is -CR5=CR7-, -N^CRy-, -S- or 
5 ^2, ^3* R5» and R7 are, independently, -H or Ci«2 alkyU 

and cme of Ti and To is 4-pyridyl or Cl-4 alkyl-4-pyridyI, provided that when 
Ti is Ci^ alkyl-4-pyridyl the alkyl substituent is located at the 2-position of the pyridine 
lin&andfliec^erQrTiandTo is 

(a) monosubstitated phenyl whoem said substituent!^ hydroxy, 

1 0 Ci^3 all^lsulfoiQrl, C2-5 1-aIkenyl-l-sulftmyl, C3.5 2-alkOTyH-sulfonyl, 

€3^5 2-alkaiyl-l-sulfonyU €1^3 alkylanuno, C1.3 diall^laniino, CF3, N-Ci. 
3 -alkanamido, N-(Ci«3 aIkyl)-N-(Ci.3 alkanamido), N*pynoIidino, N- 
pperidino, prop-2-ene-l-oxy, 2,2,2-trihaloethoxy, thiol, acylthio, dithioacyl, 
duocarbamyl, dithiocarbamyl, alkylcaibonylalltylthio, caibalkoxyalkyltiuo, 

1 5 alkoxycarbonylthio, alkoxjrthionothio, phenylthio, alkoxyalkylthio, 

alkoxyalkylsulfinyl , alkylihioalkylthio , or ^ or 

(b) disubstituted phenyl wherein one of said substituents is amino, N- 
C1.3 -aBcanamido, N-(Ci.3 ^l)-N-(Ci-3alkananiido), C1-3 alkylamino, 
C1.3 dialkylamino, N-pynolidino, or N-pipetidino; and the other substituent 

20 is C1.3 allqrlsalfinyl. C2.5 -1-alkmyl-l-thio, C2-5 1-alkenyl-l-suIfinyl, C3. 

52-aIlrayM-duo,C3.52-alk»yM-sulfmyl,tiiiol,a(7ld^ . 
tfaiocarbanqrl, diduocarbamyl, alkylcaibonylalkyltbio, carbaIkoxyal]c^ltfaio» 
alkoxycaibonyltiiio, altoxyduonodiio, phenyltiuo, alkosc^alkyltiuo, 
alkoxyalkylsulfinyl, alkylduoalkylthio, Z, or acyloTc^alkylthio; or 

25 (c) disubstituted phenyl wherein said substituents arc the same and are 

selected from halo, C1.3 alkoxy. Ci.3 alkylamino, C1-3 dialkylamino, N- 

pyirolidino, N-piperidino, 2,2,2-trihaloethoxy, prop-2-ene-l-oxy, hydroxy, 
tiiiol, acylthio, dithioacyl, thiocarfoamyl , dithiocarbamyl, 
alkylcarbonylalkylthio, carbalkoxyalkylthio, alkoxycarbonylthio, 
3 0 alto?;ytiiionothio, phenyltiiio, alko^alkyltiuo, alkoxyalkylsulfinyl , 

alkyltiuoalkyltfaio, or Z; or 

(d) disubstituted phenyl wherein said substituents are, independentiy 
C1.3 alkylamino, C1.3 dialkylamino, amino, N-(Ci.3allsyl)-N-(Ci.3 
alkanamido, N-pynrolidino or N-piperidino; or 
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(e). a mdety of one of the following fonnulae: 





5 wherein t is 0 or 1; 

R4 and Rg axe independendy selected fiom hydrogen, C1.9 alkyl, aiyl or 

hettroaiyl; 

Z is ^S-(CR4R^rS-Zi; 

Zi is Ci.9 alkyl, aryl cm: hcteroatyl; 

10 or a i^iaxinaceudcally acceptable salt thereof 

One abject of this invention is use in medidne of the compounds of Formula 
(m), which arc also encompassed within the genus of the compounds of Formula (I), The 
compounds of Formula (HI) are useful as OPUFA inhibitors and in the treatment of CO 
1 5 mediated diseases, preferably by inhibidon of the 5-LO and CO enzymes respectively. The 
conQH>unds of Fomiula (IID are represented by the stnicture: 

Fmniila (IIQ 

20 wherein 

W is -CR5=CR7-, -N=CR7-, -S- or -0-; 
R2^ R3, R5, and R? are, independently, -H or C1.2 alkyl; 
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and one of S 1 is 4-pyridyl or Ci^ alkyl-4-pyridyl, provided that when Si or So is Ci^ 
aIkyI-4-pyridyI the alkyl substituent is located at the 2-po^tion of the pyridine ring, and the 
otherofSiandSo is 

(a) monosubsdtuted phenyl wherein said substituent is -H, C1-4 alkyl, 
5 halo, Ci-2 alkoxy, C1.3 alkylthio. C1.3 alkylsulfinyl, C2.5 1-alkenyH-thio, C2.5 

1-alkenyH-suIfinyl, €3^5 2-alkenyl-l-thio, C3-5 2-alkOTyl-l-sulfinyl, or 
acyloxyalkylthio; or 

G>) disubstituted phenyl wherein said substitutents are, independently, €1^3 
alkylthio, Cx.3 alkoxy, halo, or alkyl; or 
1 0 (c) disubstituted phenyl wherein one of said subsdtuents is C1.3 alkoxy, 

halo, Ci^ alkyU and the other is C1.3 alkylsulfinyl, C2-5 -l-alkenyH-diio, C2.5 
1-alkwiyl-l-sulfinyl, C3.5 2-alkenyl-l-thio, C3-5 2*altenyM- sulfinyl, or 
ac^loj^alkylthio: or 

(d) disubstituted phoiyl wherdn the substituents are the same and aie C1.3 
1 5 alkylsuKnfyl, C2.5 l-alkenyl-l-tiiio, C2-5 -l-alkenyl-l-sulfinyl, C3.5 l-alkenyH- 

thio, €3^5 2-aIkenyI-I-sulfinyl, or acyloj^alkyltiuo; or wherein die subsdtuents 
together form a metiiylene dioxy; 
and the phannaceutically acceptable salts thereof. 

Another aspect of the present invention is a pharmaceutical composition comprising 
20 a phannaceutically acceptable carrier or diluent and a compound of Fomaula (HQ for use in 
treating an OPUFA or CO pathway mediated disease state. 

Another aspect of the present invention is a mediod of treating an OPUFA mediated 
disease state, in a mammal, includmg humans, in need of such treatment by administering 
25 an eEf^:tive amount of a compound or phamoacratically accq^Ie salt tiiereof selected 
fiom 

2-(4-Metho)qfphenyl)-3-(4-pyridyl)-7K)xo-5,6-dihydro-^^ 
[l,2-a]-imidazole; 

5,6-dihydro-2-(4-Meflioxyphenyl)-3-(4-pyridylH7Hl-^ 
3 0 imidazole-7-ol; or 

5,6-dihydro-7,7-difluoro-2-(4-Methoxyphenyl)-3K4-pyridyl)-[^ 
[l,2-?i]-imidazole. 

Preforaby the enzyme 5-lipoxygenase is inhibited* 

3 5 Anodier aspect ofthe present invention is a method of treaimg a CO patiiway 

mediated disease state, in a marmnal, including humans, in need of sudi treatment, which 
process con^ses administaing, an effective amount of a compound or phamiaceutically 
acceptable salt tiiereof, selected fiom 
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2-(4-Methoxyphenyl)-3K4-pyridyl)-7-oxo-5,6-dhydro-(7H^ 
innddazole; 

5,6-dihydK>-2-(4-MethoxyphenyI)-3-(4-pyridyl)-[7H]-pyn^ 

ol;or 

5 5,6Hiihydro-7J-^fluoro-2-(4-Methoxyphenyl)-3^^ 
[l^-aHmidazoIe. 

Yet another aspect of the present invention is a pharmaceutical coixipositi0n 
conqnisdng a pharmaceutically accqptable cani^ or diluent and a compound or 
1 0 pharmaceutically acceptable salt thereof, selected fiom 2-(4-Methoxyphenyl)-3-(4-pyridyl)- 
7-oxo-5,6-dihydn>-r7H]-pynx)lo-[l,2-a]-iniidazole; 5,6-dihydro-2-(4-Methoxyphenyl)-3- 
(4-pyridyI>[7ig-pynolo-[l,2-a]-inudazole-7-ol; or 5,6-dihydro-7J-diflu<Mt>-2-(4- 
»fctfaoxyphenyl>3-(4-pyridyl)-I7H]-pynDlo-[l,2-a]-imidaOT for use in treating a CO or 
OPUFA paA way mediated disease. 

15 

Frrferred OPUFA mediated disease states inhibited in ibepiocesses of the 
present invend<Hi» include, but are not limited to, arthritis, rfaeumab>id arduitis, 
osteoarthritis, alleigic riiinitis, psoriasis, demiatitis, ischemic induced myocardial injury, 
reperfusidn injury, gout, asthma, adult respiratory distress syndrome, atherosclerosis, 

2 0 inflammatc»y bowel disease, stroke, sjnnal cord injury and traumatic brain injury. 

Preferred Cyclooxygenase mediated disease states inhibited in the processes of 
die present invention, include, but are not limited to, pyresis, pain, osteoarthritis, 
rheumatoid arthritis, thrombosis, inflammation, uticaria or edema. 

25 The coiiq)ouiids of FonDauIa (in) are described in a U.S^ by 

Bender U.S.S J^. 07/365,349, filed June 13, 1989, and in Bender etal,> PCT 
US90/03367, filed contm:qx)]:aneously herewitii, die entue disclosures all of which are 
hereby incotporated by reference. It has now been found that the compounds of Formula 
(HI) possess the ability to inhibit both the 5-lq)Oxygenase and cyclooxygenase eniymes 

3 0 tiiereby makmg tiiem useful for treating ddier a 5-LO or CO patiiway mediated disease state 

in a xnammal in need thereof. 

A preferred embodiment of this invmtion for the compounds of Formula (I) is 
where W is •CR5=CR7- or -N=CR7. 

Preferred compounds of Formula (I) include those wherein: 
3 5 W is -CR5=CR7-, .NOR7-, -S- or -O; 

R2 and R3 are hydrogen. 
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one of Rx and Rq is 4-pyiidyl or C1.2 allcyI-4-pyridyl, provided diat when Ri 
is CiJ2 alkyl-4-pyridyl tfie alkyl substitucnt is located at the 2-posiricHi of fee pyridine ring, 
and die odierof Ri and Rq is 

(a) monosubstituted phenyl wherein said substituent is halo, 

5 Ci-3 alkylammo, C1-3 dialfcylanrino, fliiol, hydnwcy, C1.3 sSkoxy, C1-3 

alkyldiio, C1.3 allgrlsuljBnyl, acyloxyalkyldiio, or acylthio; 

(b) disubsdtuted phenyl wherein said substitutents are, independently, 
C1.3 alkylthio, C1.3 alkoxy, C1.3 alkylamino, €1.3 dialkylamino, N- 
pynolidino, orN«>piperidino; or 

1 0 (c) disubsdtuted phenyl wherein one of said substituents is C1.3 

aHqrlsulfinyl, acyldiio, 1-acyloxy-l-aIkylthio and the other is C1.3 alkoxy or 
halo; or 

(d) disubstituted phenyl wheidn one of said subsdturats is C1.3 
alkylaniino, C1.3 diaUgrlamino and die other is selected fiom ac^ldiio, 

1^ a]kylsQlfinyl,phenylsulfinyloracyl<»cyalkylthio;or 

(e) disubsdtuted phenyl \^erein the subsdtuents are die same and aie 
Ci,3 alkoxy, C1.2 alkylsidfinyl, C2-3 1-alkenyl-l-diio. 2-propenyl-^tfiio or 
l-acylo)q^-l-alkyldiio or wherdn die subsdtuents togeflier ftam a n«hyl«e 

20 

More preferred are die compounds of Formula CD wherein: 
W is -CR5=CR7-. -N^^CRy-, -S- or -O-; 

R2 and R3 are hydrogen, 

one of Ri and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl, provided that 

2 5 whwi Ri is Ci«2 alkyl-4-pyridyl die alkyl subsdtuent is located at die 2- 

position of die pyridine ring, and die odi^ Ri and Rq is 

(a) monosubsdtuted phenyl wherein said substitumt is C1.3 alkylthio, 
C1.3 alkylsulfinyl, acyloxyalkylthio, or acylduo; 

(b) disubstituted phenyl wherein said substitutents are, independenfly, 

3 0 Ci«3 allyltfiio, C1.3 alkoxy, C1-3 aUqrlamino, or C1.3 dialkylamino; or 

(c) disubstituted phenyl wh^in one of said substituents is C1.3 
alkylsulfinyl, acylduo, l-^acyloxy-.l-alkyldiio and die otiier is C1.3 alkoxy or 
halo; or 

(d) disutedtuted phenyl wherein one of said substituents is C1.3 
3 5 alkylamino, C1-3 diallqflammo and die odier is selected from acyldiio, 

alkylsulfinyl, phenylsulfinyl or acyloxyalkyldiio; or 

(e) disubstituted phenyl whondn die subsdtuents are the same and are 
C1.3 alkoxy, C1.2 alkylsulfinyl, C2-3 1-alkenyH-diio, 2-propenyH-diio or 
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1-acyloxy-l-aIkylthio or wherein the substituents togethw fonn a methylene 
dioxy group. 

The most prefened compound of Formula- (I) is 2-<4-MedioxyphenyI)-3-(4- 
5 pyridyl)-imidazo[lt2-a]-pyridine. 



\ Other preferred confounds are^3 
2-(4-methdxyphenyl)-^^^(4^^^Hn^ 
2*(4-fluorophenyl)-3-(4-pyridyI)iimdazo[l,2-a]pyridine; 
1 0 2-(4-methyItM(^henyI>3-(4-pyridyl)iinidazD[l^-'a]pyridine; 

2-(4-methylsulfinylphenyI)-3-(4-pyridyI)iniidazo[l^-a]pyridine; 
2-(4Hiiinethyl-aIkylanMophenyI)-3-(4-pyridyl)M 
2-(4-meihyl-anainophenyl)-3-(4-pyii(fyl)imidazo^^ 
2-(4-N*piperidinophenyI>3-(4-pyridyI)imida2X>[l,2<i]p 
1 5 2^(4-acel0xymediylduoph«yI)-3-(4-pyxidyl)imi 
2-(4-(2-aceQrIthio)pheriyI)-3-(4-pyzidh^I)imida2^ 
2-(4•(2-acetyldlio)phenyl)-3K4-(2-melhyl)pyridyl)2midazo[l;^a]py 
2-(4-pyridyl>3-(4-niethylsulfinyl)phenyl)imidazo[l^-a]py^ 
^ 2-(4-pyridyI)-3-(4-methyltMophenyl)innddazo[l^*a]pyridine; 
20 2-( 4-pyridy|>3'(4'rnethylsulfinvl)phenyl)iinidazori,2"a1pyiidine; 
6-(4-methyltWophenyl)-5-(4-pyridyl)iinidazo[24-b]oxazole; 
6-(4-aceQrlthiophenyl>-5-(4«pyridyl)imidazo[24-b]oxa2Dle; 

6- (4-niediylsulfinylphenyI)-S-(4-pyridyl)iinidazo[2»l-b]oxazo 

7- (4-fiaorophenyl)H6-(4-pyiidyl)imida2X)[l^^ 

2 5 7-(4-methyIthiq)bmyl)-6-(4-pyiidy0ini]dazo[l»^^^ 

7-(4-metiqrlsul£inylphenyl)H6-(4-pyridyI)imidazo[l^^ 
6'(4-metfayIthiophenyl>S-(4>pyridyI)-in]idazo(i^l^ 
6-(4-rnethylsulfmylphenyI)-5K4-[2-niethyl]-pyridyl)-imi 
6-(4-fluorophenyl)-3-(4-pyTidyl)- imidazo[24-b]thiazole; 

3 0 6-(4-N-pynolidinophenyl)-3-(4-pyridyl>imida2o[2,l-b]thiazoIe; 

6-(4-niethoxyphenyl)-5-(4-(2-methyl)pyridyI)-imida2o[2J-b]thiazote^ 
6-(4-acetyIthiq)henyl)-5-(4-(2-methyl)pyridyl)-irnidazo[2,l-^^ 
5-(4-acetylthiophenyl>5<4-pyridyl)-iimdazo[2,l-b]thiazoIe; 
5-(4-methylsulfinylphenyl)-6-(4-(2-methyI)pyridyl)-imidazo[2J-^^ or 
3 5 6-(4-diinethylaIkylaminophenyl)-5K4-(2-methyl)pyridyl)-.iti^ 
or a phamtuiceutically acceptable salt of any one of the above conipounds. 
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A pieferred emtx)diment of this invntion for the ccmpounds of Formula (11) 
is where W is -CR5=CR7- or -N^CRy. 

A preferred emodimrat of the present invendon are the conxpounds of Formula 
GD wherein: 

5 W is -CR5=CR7-, -S- or -0-; 

R2 and R3 are hydrogen, 

one of Rj and Rq is 4-pyiidyl or C1.2 allgrl-4-pyridyI, provided that when Ri 
is alkyl-4-pyridyl the alkyl substituent is located at the 2-position of the pyridine ring, 
and the other of Rj and Rq is 

1 0 (a) monosubstituted phenyl wherem said subsdtoent is C1.3 alkylamino, 

dialkylamino, thiol, hydroxy, or acylthio; 

(b) disnbstituted phenyl wherdn said substitotents are, independently, 
Ci.3alkylammo,Ci.3diallgrlanmno,N-i^^ or 

(c) disnbstituted phrayl wherem one of said substituents is Cx.3 
1 5 acylthio and die other is Ci^3aIfa>3Qr or halo; or 

(d) disubstimted phenyl wherdn one of said substituents is C1.3 
all^lamino, C1.3 dialkylamino and the other is sdected fiom acyldno, alkylsulfinyl, 
phenylsulfinyl or acylo^alkylduo. 

2 0 More preferred compounds of Formula QS) are those wheie 

W is -CRs^CRy^, -N^CRy-; 
where one of Ri and Rq is 

(a) monosubsdtuted phenyl wherein said sabstitaent is C1.3 
dialkylannno or acylthio; 
25 (b) disubstituted phenyl wherdn said suhstimtents are, indepoidraily, 

Ci.3 allqrlamino. or C1.3 dialkylamino, N-pynolidmo, or N-pipcridmor or 

(c) disubstimted phenyl wherein one of said substituents is acyltiiio and 
the other is C1.3 alkoxy or halo; or 

(d) disubstimted phenyl wherein one of said substitoents is C1.3 

3 0 alkylamino, C1.3 dialkylamino and the oflia- is selected fiom acyltiuo, 

alkylsulfinyl, phenylsulfinyl or acyloxyalkylthio. 

ft should be noted tfiat the compounds of Formula (I), (E) or (III) where Ri or 
Rq may be a C1.3 alkylsulfinyl, €2*5 1-alkenyH-sulfinyl. €2-5 -2-alkenyH-sulfinyl, 
3 5 alkojgralkylsulfinyl, and phenylsulfinyl moieqr, are prodrugs which arc leductively 
converted m}dm to die corresponding alkyltiuo or alfcenyltiiio form. 

By the term "halo" as used herein is meant all halogens, Le., chloio, fluoro, 
bromo and iodo, preferably fluorine. 
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By the term "aiyl" as used herein is meant phenyl^ or naphthyl, which are both 
optionally substituted with lialogen, C1.3 alkoxy, Ci^s alkyldiio or Ci^ allcyl. 

By the term lieteroazyl** as used herein is meant a5-10 membered aromatic 
ring system in which one or toxxc rings contain one or more heteroatoms selected from the 
5 group OHisisting of N, O or S; such as, but not limited, to quinoline, isoquinolinCt 

pyridine, pyrimidine, oxazole, tfaiazole, thiadiazole, triazole, imidazole; all of which may be 
optionally substituted by me or more of halogoi, C1.3 vlOnaxy^ C1.3 alkyltibio or Cm alkyl 
moieties* 

By the term "OPUFA mediated disease or disease state" is meant any 
1 0 disease state which is mediated (or modulated) by oxidation of polyunsaturated &tty adds, 
specifically the arachidonic add metabolic padiway. Tlie oxidaiton oi arachidonic add by 
such enzymes as the lipoxygenase enrymes or cyclooxgenase ena^e is spedfically 
targeted by the present invention* Such enzymes include, but axe not linuted to, 5*L0, 12- 
LO, 15-LO, and CO; which produce the following mediators, including but not limited to» 
1 5 PGE2, LTB4, LTC4, LTD4, prostaglandins, thromboxane^ and prostocycUn. 

By the term "OPUFA int^fering amount" is meant an effective amount oi a 
compound of Formula (I) which shows a reduction of the ui xuq levds of an oxgyenated 
aradiidonic add metabolite. 

By the terai "sulfinyr' as used herein is meant the oxide of the corresponding 
2 0 sulfide. By the term '*diio" as used herein is meant the sulfide. For f udher clarification, 
die following table outiines tiie stractural attachment oi the atixns of the Rx and Rq 

substituents of the compounds of Formula (I): 

Table 1 

ElJSlBO Stnictnral Attachment 



Ci.3all(ylsulfinyl 


[AS(OH 


C2.5 l-alkenyl-l-thio 


[aaIocbs-] 


C2-5 l-alkenyl-l-sulfinyl 


[AAlC=C3iS(0)-] 


C3.5 2-altenyl-l-fliio 


[ACH=CA1CH2S-] 


C3.5 2-aIkenyl-l-sulfinyl 


[ACH=Ca1cH2S(OH 


1-acyloxy-l-alkylAio 


[AC(0)0CH(A1)S-] 


acylthio 


IDC(0)S-] 


dithioacyl 


IDC(S)S-] 


thiocarbainyl 


[DD1NC(0)S-] 


ditfaiocatlniiQrl 


Pd1nC(S)S-] 


alkylcaiboiylaD^ldik) 


IDC(0)CH2S-] 


carbalkoj^alkylthio 


[BOC(OXH2S-] 


a]]a»Qrcait)on)4diio 


IBOC(0)S-] 


alkoxytfaionodiio 


[BOC(S)S-] 
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alkoxyalkylihio [BCXIIaS-] 

alkoxyalkylsulfinyl [B0CH2S(0)] 

alkyltfaioalkyltfaio [BSCH2S-] 

disulfide |Z| [-S-S-Zi] 

5 - 

NOTE: A and are hydrogen or alkyl; and D and aie hydrogen, C1.9 alkyU or 
phcnyl;BisCi-9alkyloraryl;andZiisaiyl,heta-oaiylorCi.9al^ The 
hydrogen atoms in the CH2 ffoxsps described in Table 1 are, independently, 
optionally sabstitated by a Cm naoiety. 

10 

Another aspect of the present invention is the novel oxidation of an aryl 
sulfide, in particular alkyl tMo aryl function, such as a methylthiophenyl group, to tiie 
corresponding sulfoxide wherdn the aryl sulfide is substituted on a hetm>axmiatic nitrogen 
containing ring system, such as imidazole, triazole, pyrimidine, pyridine, 6,7-dihydzo- 
1 5 [5EIl-pynDlo[2,l-alimidazole, 23-dihydiohnida2op,l-b]-tiiia2X)lc, imidazo[2,l- 

blthiazole, imida2o[2,l-bloxazole, iniida2o[l,2-a]pyridtoe, 5,6,7,8-tettahydroiniida2o[l> 
a]pyridine,OTahnidazo[l,2-a]pyrinndineiingqFSM^ The process occurs m high yield 
w&L minimal formation of the sulfone byproducts. This process oxidizes the sulfide in 
higher yields than do alternative mediods, such as m-chloroperbenzmc acid. This process 

2 0 also utilizes the inexpensive and readily available reagents, potassium or sodium persulfate. 

This process also does not utilize toxic metal, thus providing advantages in purification of 
the reaction product and disposal of wastes. 

Sodium and potassium persulfate are salts of pm>xysulfuric add Odier more 
commonly used peroxyacids, such as m-chlorcqierbetizoic add, are wdl-known to oxidize 

25 annnes and pyridines to their N-oxides. ftwoaMbetiiee?q)ectation,thatpersulfuricacid 
or its salts would exhibit simOiar reactivity and hence mate tfiem useless for the oxidation 
of compounds such as those di$ck>sed herein, as they contain seva:al nitrogen atoms. 
Fui J i ei more, sodium and potasaum persulfate have been known for some time to oxidize 
aniline derivatives to aniline-o-sulfates ( the Boyland-Sims oxidation, disclosed in Boyland 

30 et al^ J, Chem, Soc, 3623 (1953), and in Beriiman et al, J. Qr^r. Chem. 43, 4551 (1978)) 
and to act as a co-oxidant in the oxidation of a wide variety of allc^lamine to aldehydes or ^ 
ketones (see Bacon et al., L Chem Soc. (C), 1384 (1966). Srinivasan et al., Indian J. 
Chem>. 268. p* 193 (1987) describes tiie oxidation of a number of sulfide compounds 
which have other functionalities such as metiioxy, nitro, acetyl, and chloro groups but none 

3 5 containanaminenitrogen, such as the compounds of tins invention. The present 

invention has found that tiie po^ulfate reagents not only work on the compounds of 
Fomiula G)« (H) and (III) disclosed herein, but will also woric weU on tiidr intermediates 
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and other ring systems which contain a hcterocycKc nitrogen atom, such as pyridine, 
imida2x>le, or other teitiaiy amine moieties. 

Frcfemi axyl sulfides are the phmylsulfide derivatives. Further prefraed are 
Aealkyl substituted alkylsuMde derivatives, such as metiiyl or ett^^ Hetero-aromatic 
5 and non-aromatic nitiogen containing ring system on which tiie aiyl sulfide moiety is 
found, indudes but is not limited to pyrrole, pyrazole, imida»>le, imidazolididine, 
pyrazolidine, pyrazoline, mcnphoiUne, pyridine, pyrazine, indolizine, indoline, purine, 
quinoline, isoquinoline, naptiiyridine, triazole, pyrimidine, piperidine, isoindole, 3H- 
indole, dnnoline, carbazole, phenantiiradine, phenazine, isothiazole, imidazo[l,2- 

1 0 b][lA4]triazine, triazme, pyridazine, ^,7-dihydro-[5H]-pyiTolo-[2,l-a]inaidazole, 23- 
dihydnMmidazo[2,l-b]-tiiiazole-l-oxide or 1,1-dioxide. imidazo-[24-blthiazoIe; 2,3,4^ 
tetrahydio-imidazoP,l-b]thiazole-l-oxide or 1,1-dioxide, imidazo[2,l-'b]oxazole, 
imidazo[l,2-a]pyridine, 5,6,7,8-tetrahydroimidazo-[l,2-a]pyridine, or a imidazo- 
[i;2-a]pyrimidine ring system. The aiyl sulfide groips in the case ci multiple ring systems 

15 may be attached to eitiier ring, saturated or unsaturated. 

Prefeirably die nitrogen heterocyclic ring system is imidazole, pyrole, 23* 
dihydioimidazo[2,l-b]-tiuazoIe, imida3a>[2,l-b]tiiiazDle^l-oxide or 1,1-dioxide, 
imidazo[l,2-a]pyridine, 6,7-dihydn>-[5Hl^pyrrolo[2,l-a]imidazole or imidazole. The 
particulars of die oxidation are further described herein in the syntiietic chemistry section. 

2 0 More preferably is die oxidation of 2-(4.Metiiyldiiophenyl)-3-(4-pyridyl)-6,7- 

dihydK>[5H]pynolo[l,2-a]imidazole to the corresponding methylsuMbnyl derivative Most 
preferred is the use of the oxidant sodium persulfate. 

The preparation of 2-(4-MetiioxyphenyI>-3-(4-pyridylH-oxo-5,6-dihydro- 
r7Hl-pynt>lo[l,2-a]umdazole; 5,6-dihydro-2K4-Medioxyphenyl)-3-(4.pyxidyl)-[7H]- 

2 5 pynolo[l>a]imidazole-7-ol; and 5,6-dihydro-7 J-difluoro-2-(4-Meflioxyphenyl)-3-(4- 

pyridyl)-r7H]-pynolo[l,2-a]inudazole is disclosed in Gallag)ier et al.. Tetrahedron lUttCTSt 
VoL 30, No. 4S. PP.6S99-6602 (1989) die entire disclosure of which is hereby 
inccvporated by reference. Preparation of die phamaaceutically acceptable salts of these 
tiuee onnpounds can be prepared by known techniques such as die method of Bender et 
30 sL U.S. Patent 4,175,127, issued November 20, 1979, die disclosure of which is hereby 
incorporated by reference. 

The preparation of all compounds of Fomiula (HI) and the pharmaceutically 
accq)table salts dicreof ,which are also encompassed wiflun die Formula (I) genus 
described herein, when W is -CR5=CR7-, -N=CR7-, -S- or -0-; and R2, R3, R5. and R7 

3 5 are indcpendendy H cm- C1.2 alkyl are prepared as described in U.S. patent application by 

Bender mjIm U.S.S.N. 07/365,349, filed June 13, 1989, and in Bender ^jL PCT 
US/90A)3367, filed June 12, 1990 die entire disclosures all of which are hereby 
incorporated by reference. 
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The preparation of all corrqxmnds of Fonnula (11) and pharmaccutically acceptable 
salts fliereof may be prepared by one skffled in the art using analogous methods readily 
available and adaptable to die ring systems described U^. patent application by Bendorst 
U.S.S.R 07/365,349. filed June 13. 1989, and in"Bender fljaL PCT Serial PCX 
5 US/90/D3367, filed June 12, 1990. Said analogous methods far synthesis of dtc particular 
substiturat groups of Formula (II) are disclosed in Bender fiUL U.S. Patent Number 
4,175,127, issued November 20. 1979, Bender £UL U.S. Patent Application Serial 
Number 07/106,199 filed on July 10, 1987 or Bender U.S. Patent Number 
4,803OTr issued February 9, 1989, and in Adams U.S. Patent 4,719,218, issued 
1 0 01/12/88 tiie entire disclosures of all of which arc hweby inccoporated by refarence. 

The preparation of all die remaining compounds of Formula (II) can be 
carried out by one of skill in tiie art according to tiie procedures outiined in die Exanq)les, 
infra. 

All die compounds of Fonnula (Q, Rmnula P), Formula (E). Formula 
IS (F), Formula (G) andR>rmula (H) are useful as intermediates in die prqiaration ci die 
compounds of Formula (D). The preparation of all die compounds of Formula (Q, 
FOTmula P). Formula Fonnula (F), Fonnula (G) and Formula (H) can be carried out 
by one of ddU in die art according to the procedures outlined in the Examples, infra. 

Hiarmaceutically acceptable salts and didr preparation arc well known to 
20 diose skilled in pharmaceuticals. Pharmaccutically accq)table salts of die compounds of 
Formula (I) or Fonnula (H) which arc useful in die present invention include, but are not 
limited to, malcate, fumarate, lactate, oxalate, methanesulfonate, ediane-sulfonate, 
benzenesulfonate, tartrate, citrate, hydrochloride, hydrofaronnde, sul&te and phosphate 
salts. FtofeixedpharmaceuticaUyacceptabte salts of die compounds of Foimuk(Q 
25 FbrmulaODD indudehydxocUoride and hydn>broniide salts, and such salts can be iro 

by known techniques such as die method of Bmder etal.. U.S. Patent 4,175,127, issued 
Novcniber20,1979. 

The conipounds of die present invention may contain 1 or more asymmetric 
carbon atoim and may exist in raccmic and q)tically active forms. Allof diesecoaqx>unds 
30 are conteniplated to be within the scope of die present inventiorL 

The compounds of intermediate Formula (Q are iqiresented by the stmcmre: 




FORMULA (Q 



or a pharmaccutically acceptable salt dioeof. 
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wherdn: 

W is -CR5=CR7-, -NsCR?-, -S- or -O-;. 

R2, R3, R5 and R7 are, independently H or C1-2 alkyl; 
X is a) 4-pyridyl or inono-Ci.4alkyl-sabstitotedpyridyl; or 

5 b) miMosabstitated phenyl wherein said substituent is selected fiom 

halo. 0-3 alkoxy, hydroxy, C1-3 alkylthio, Cm alkyl, alkenylfluo, 
phenyltWo, alkoxyalkylduo, alkylthioalkylthio, C1.3 alkylamino, 
alkylcarbonylalkylthio, carbalkoxyalkylthio, C1-3 dialkylaimno, CF3, N- 
(C1.3 allqrl)-N-(Ci.3 alkanamido), N-pyrrolidino, N-pipraidino, prop-2- 
10 ene-l-oxyor2,2,2-trihaloethoxy; 

(c) disubstituted phenyl wherein said substituents are die same and 
are selected fiom halo, C1.3 alkoxy, C1.3 alkylthio, C1.3 alkylamino, Ci_ 
3 dialkylamino, N-pyrrolidino, N-piperidmo, 2A2-trihaloethoxy, prop-2- 
ene-l-oxy, or hydroxy; 

15 (d)disubstimied phenyl whei«n said substiturails are not the same 

and are ind^endendy selected from halo, C1.3 alkylamino, nitio, N-(Ci.3 
alkyl)-N-(Ci_3 alkanamido), Q-S diallcylammo, N-pynoHdino, or N- 
pqietidino; or 

(c) disubstituted phenyl wherem one of said substituents must be Ci- 
20 3 altoxy, hydroxy, C1.3 alkylthio, 2,2>trihaloedioxy or prop-2-ene-l- 

oxy and die other substituent is independendy selected fiom halo, C1.3 
alkylamino, nitto, N-(Ci.3 aIkyl)-N-(Ci-3 alkanamido), C1.3 ' 
dialkylamino, N-pyrrolidino, or N-pipraidino; 
The intermediate conqxwinds ^Formula (D) are represented by Ae structure: 



25 



FORMULA (D), 
<x a {diannaceutically accq>table salt thereof, 
wheidn: 

30 Wis-CR5=CR7-,-N=CR7-,-S-or-0-; 

R2, R3, R5 and R7 are, independendy, -H or C1.2 alkyl; 

Yi is 4-(l,4-dihydro)pyridyl substitoted widi N-(Ci.8 alkanoyl), N-(Ci.8 
alkoxycaibonyl), N-benzoyl, N-phenoxycarbonyU N-phenylacetyl, or N-benzyloxy- 
caibony^ 
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10 



15 



20 



Yq is (a) monosubsdtuted phenyl v^hmin said sobsdtuent is Cx.3 
alkylthio, C1.3 alkoxy, halo, Ci^ alkyi, hydroxy, alkenylthio, phenydiio, 

alkoxyalkylthio, alkyUhimlkylthio, alkylcarbonylalkylthio, carbalkoxy- 
alkylthio, Q-s diall^Iamino, CF3, N-(Ci.3 allgrl>-N-(Ci.3 alkanamido), 

N-pyrroIidino, N-piperidino, prop-2-ene*I-oxy, or 2,2,2«*trihaloethoxy; 

(b) disubstituted phenyl wherein said substituents are the same and 
are selected firom halo» C1.3 alkoxy, C1-3 alkylthio, alkenylduo, 
phenylthio, alkoxyalkylthio, alkylthioallgrlthio, C1.3 dialkylamino, N- 
pynolidino, N-piperidino, 2A2-trihaloethoxy, prop-2-ene-l-oxy, or 
hydroxy; or wha:cin the substitutents tt>gedier form a methylene dioxy 
group; or 

(c) disubstituted phenyl wherein said substitutents are, independently, 
Ci-3 alkyWiio, C1.3 alfcoxy, halo, C1-4 alfcjrl, N-(Ci.3 aIkyl>N-(Ci.3 
alkanamido), Cl^3 dialkylamino, N-pyrndidmo, or N-pqiexidino; or 

(d) disubstituted phenyl wherein one of said substituents must be Ci. 
3 alkoxy, hydroxy, alkylthio, 2 A2-trihaIoethoxy or prop-2-ene-l-oxy 
and the other substituent is independendy selected firom halo, N'<Cx.3 
alkyl>-N-(C|.3 alkanamido), Cx«3 dialkylamino, N-pynoUdino or 
jnperidino; or 

(e) disubstituted phenyl wherein one of said substituents must be 
C1.3 alkoxy, halo, Cx.3 dialkylamino, and die other is selected from 
alkenyldiio, phenylthio, alkoxyalkylthio, or alkylthioalkylthio. 

The intomediate coiiqx>unds of Eormula (E) ace lepresrated 1^ the structure: 



W is -CR5=<:R7-, -N=CR7., -S- or -O; 

R2» ^3* and are, independrady, -H or Cx-2 alkyl; 

one of Zx and Zq is 4-(l,2-dihydn>-2-alkyl)RriidyI substituted witii N-(Cl-8 

N<-(Cl-8 alkoxycarbonyl), N-benzoyl, N-phenoxycarbonyl, N-phenylace^l, or 
i^Qfcarbonyl; and the other of Zx and Zq is 

(a) monosubstituted phenyl wherein said substituent is selected firom 
Cx.3 altoxy, halo, Cx^ alkyl, Cx-3 alkyltiiio, alkenyldiio, phenylthio. 




FORMULA (E), 



whwcin: 
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alkoxyalkylthio, alkylthioattylthio. N-(Ci.3 alkyl>-N-(Ci.3 alkanamido), 
Q.3 dialkylainino, CT3, N-pyrrolidino, N-piperidino, piop-2-enc-l-oxy or 

2^,2-trihaloed)Oxy; 

(b) disubstituted phenyl wherein said subsdtutents are independenfly 
5 selected ftom C1.3 alkylthio, C1.3 alkoxy, halo, Ci^ alkyi, N-(Ci.3 

alkyl)-N-(Ci-3 alkananiido),Ci.3 dialkylamino, N-pynolidino, or N- 

piperidino; 

(c) disubstituted phenyl wherein said subsdtutents arc the same and are 
selected fiom halo, C1-3 alkoxy, Q.3 dialkylaniino, Ci.3alkylthio, N- 

1 0 pynolidino, N-piperidino, 2,2,2-trihaloethoxy,or prop-2-ene-l-oxy, 

alkenylthio, phenylthio, alkoxyalkylthio, or allqrlthioalkylthio; or wherein 
the subsdtutents togedier form a methylene dioxy group; 

(d) disubstituted phenyl wherein one of said subsdtuents must be C1.3 
alkoxy, C1.3 allqrlfliio, 2,2;j-trihaloethoxy or pipp-2^e-l-oxy and die 

1 5 odiCT substituOTt is indq)endenfly selected from halo, N-(Ci.3 alkyl)-N- 

(Ci-3 alkanamido), C1.3 dialkylaniino, N-pyirolidino, or N-piperidino; 

(e) disubstituted phenyl wherein one of said subsdtuents must be C1.3 
alkoxy, halo, or C1.3 di-alkylamino, and die other substituent is selected 
fiom alkenyldiio, phenyldiio, alkoxyalkyldiio, or alkyldiioalkylduo; 

20 or a pharmaceutically acceptable salt tiiercof. 

The intermediate compounds of Formula (F) are represented by the stracture: 



{Rio)3Sn 




FORMULA (F) 

25 wherdn: 

W is -CR5=CR7-, -N=CR7-, -S- or -O; 

R2» R3> R5 ^7 indepcndendy, -H or Ci^2 

Rl0isCi-4alkyl;and 

X2 is 4-pyridyl or mono-Ci^alkyl-substituted pyridyl;or 
3 0 (a) monosubsdtuted phenyl wherein said subsdtuent is selected ban 

fluoro, chlc»o, C1.3 alkoxy. Cm ^1-3 alkylthio, alkenyduo, 
phenyldiio, alkoxyalkyldiio, alkylduoalkyldiio» C1.3 dialkylamino, CPs, 
C1.3 alkylamino, N-pynolidino, N-piperidino, pn>p-2-ene-l-oxy or 2,2,2- 

trihaloedioxy; 
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(b) disubsdtuted phenyl wherdn said subsdtuents axe die same and aie 
selected from fluQro> cMoro, C1.3 alkoxy, C1.3 dialkylamino, N- 

pyrFofidino, N*pip«idino, 2,2,2-trihaloetboxy, ptop-2-me'-l-oxy, 
alkenythio, phenyltbio, alkos^alkylthio, alkylthioalkylthio; 
5 (c) disubsdtated phenyl wherein said subsdtuents ate independendy 

selected from fluoio, chlcno, C1.3 alkylamino, C1.3 diallc^Ianuno, N- 

pyrrolidino, or N-piperidino; or 

(d) disubsdtuted phenyl wherein one of said subsdtuents must be Cx-3 

alkoxy» 2,2,2-trihaloedioxy or pn>p-2-ene-l-oxy and die odier subsdtuent is 
1 0 independendy selected from fluoxo» chIoio» C1.3 aUcylamino, C1.3 

dialkylamino» N-pynoIidino or N-piperidino; or 

e) disubstituted phenyl wherdn one of said subsdtuents must be C1.3 
alkoxy, fluoro» chIaro» C1.3 allcylanuno, or €1^3 dialkylamino, and the 
odiCT is selected from alkenyduo, phei^ldiio, alko^^alkylduo* or 
1 5 alkylddoalkyhhio. 

Theintennediate coni^unds of Fonnula (G) are represented by the structure: 

R2 R3 



FORMULA (G), 
or a i^iaimaceudcally acceptable salt thereof, 
20 wherrin: 

W is -CR5=CR7-, -N=CR7-, -S- or -O-; 
R2, R3, R5 and R7 are» independ»dy, *H cxr C1.2 allgrl; and 
one of Vi or Vq is 4-pyridyl or Ci^alkyl-4-pyiidyl, provided that when Vj is 
Ci^alkyl-4>pyridyl the allgrl subsdtutent is located at the 2-position of the pyridine ring, 

2 5 and die other of Vi and Vq is selected fionr 

(a) monosubsdtuted phenyl wherein said subsdtuent is mercapto; en: 

(b) disubsdtuted phenyl wherein one of said substiments must be 
mercapto and the oth^ is selected from mercapto, €1^3 alkoxy, halo, nitro, 
Ci-4 alkyl, 2,2,2-trihaloethoxy, prop-2-ene-l-oxy, C1-3 alkanamido, N-C1.3 

3 0 -alkyl-Ci-salkananudo, Cij^ dialkylammo, N-pyrroBdino or N-'pq)andino; 

The inteimediaie compounds of Formula (H) are lepresmted by the structure: 
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FORMULA (H) 



W is -CR5=CR7-, -N=CR7-, -S- or -O; 
5 R2, R3, R5 and R7 aire, independently, -H or C1.2 alkyU and 

is selected fiom 

(a) monosubstitated phenyl wherein said subsdtuent is selected 
j&om flucHO, chloro, C1.3 alkoxy. Ci^ alkyU C1.3 dialkylamino, 
C3F3, Ci^3 alkylamino, N-pynoIidino, N-piperidino, prop-2-cne-l- 

1 0 oxy, 2,2,2-trihaIoethoxy, C1-3 alkyltfaio» alkenyldiio, phenylthio, 

alkoxyalkylthio, or aO^ltfiioallgrldiicn 

(b) disubstituted phenyl whmin said suhstituents are the same 
and are selected finom flaoio» chlcno, C1.3 dUkcxy^ C1.3 dialkylamino, 

N-pyrrolidino, N-piperidino, 2,2,2-trihaloethoxy, prDp-2-ene-l-axy, 

1 5 C1.3 alkylthio, alkenylthio, phenylAio^ alkoxyalkylthio, or 

alkylthioalkylthio ; 

(c) disubstituted phenyl wherein said substituents are 
independently selected torn flucao, chloro, C1-3 alkyltiiio, C1-3 
alkylamino, C1.3 dialkylamino, N*pyrrolidino, or N-pipmdino; or 

20 (dO di&ubstituted phenyl wherrin one of said sub5titi»it$ must be 

C1.3 sSkoxy^ 2,2,2-trihaloethoKy or prop-2*ene-l-oxy and die odier 
subsdtuont is independendy selected fiom fluoro, chloro, C1.3 
allgrlamino, C1.3 dialkylamino, N-pynolidino, or N-piperidino; 

(e) disubsdtuted phenyl wherein one of said substituents must be 

2 5 C1.3 alkoxy, fluoro, chloro or C1-3 dialkylamuio; and the other 

subsdtuent is independendy selected fcom alkenylthio, C1.3 alkylduo, 
phenylthi(^ alkoxyallsylthio, or alkyldiioallgrlthio ; 

or a salt thereof. 

Additional intermediate compounds which are also useful in the process of this 

3 0 invention to make the compounds of Formula (II) are compounds of Fomiulas (Ha) and 

(Hb) as described below. Additionally, as more elaborately described herein, while all of 
the compounds of Formula (II) are usefid in die mediod of the sut^ect invention, some of 
die compounds of Formula (II) are also useful as intermediates in the preparation of other 
compounds of Formula (II), 
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As used herein in the Synthesis Examples* the term *Tonnula (A)'* lefers to a 
ccxnpound of ifae fonnula: 



10 



X 

FORMULA (A) 

wherdn: 

X is chosen from a gjxmp consisting of mono or disnbstituted phenyl as 
defined in Fcmnula (Q, 4*pyridyl and mono<::i.4alkyl-sahsdtiited-4-pyiidyl; and 
Xx is a halogen such as CI or Br, 

As used herein in the Synthesis Examples, Ae temi Tomiula (B)" iK^ers to a 
compound of die fonmila: 



1 S wheidn: 



^2 ^3 

FORMULA (B) 

W is -CR5=CR7-, -N=CR7-, -S^ or -0-; and 

R2, R3, R5 and R7 are, indqwndently, -H or Ci«2 ii^kyL 



20 



The compounds c^Rmnuk (Da) are iqjrese^ 



Formula QIa) 

wherein: 

W3 is -CR5=CR7-, -N^CRy., -S- or -0-; 
R2» ^3* R5» and R7 are, ttidependendy, -H or C1.2 alkyl; 
25 and one of Ri and Ro is 4-pyridyl or Cl-4 allqrl-4-pyridyl, and the other of 

Rl andRo is 

(a) monosubsdtuted phenyl wh«^ said subsdtuent is Cx.3 
alkylsulfinyl; 
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(b) disuhsdtutedphenyl wherein one of said suhsdtuents is C1.3 
aUqrlsulfinyl; and die oflier is selected fiom C1.3 alkylsulfinyl, Cm alkyl, 
nitro, N-Ci-3 -alkanamido, N-(Ci-3 alkyl)-N-(Ci.3alkananiidoX C1.3 
dialkylamino, N-pyrroIidino,N-piperidino, halo, C1-3 alkoxy» 2^2,2- 
5 tdhaloedioxy. or prop-2-ene-l-oxy. 

As used herem in the Synthesis Examples, die term Tonnula (lib)" refers to a 
compound of die fomiala: 




10 FORMULA (Qb) 

whetdn: 

W2 is -CR5=CR7-, -N^CRy-. -S- or -Os 

R3, R5, R7 and R9 are, indq)cndendy, H or C1.2 alkyl; 

One of Ri or Rq is 4-pytidyl and the other is selected fix>m: 

1 5 (a) phenyl or monosubsdtuted phenyl wherein said subsdtuent is 

- selected from Ci_3 alkylthio, Ci.3 alkoxy, halo, Ci^ allq^l, alkenylthio, 
phenyldiio, alkoxyalkyldiio, alkylthioalkyldiio, N-(Ci-3 alkyl)-N-(Ci.3 
alkanamido),Ci.3 dialkylamino, CF3. N-pyirolidmo, N-piperidino» prcq>-2- 
ene-l-oxy, 2;Z^-tiihaloedioxy , alkylcaibonylalkylthio* caxbalkoxyalkylddo, 

2 0 phenyldiio, alkoxyaOqrldiio, or alkyldiioalkylduo; or 

(b) disubsdtuted phenyl wherein said substitutents are 
independaidy selected fiom N-(Ci-3 alkyl)-N-(Ci.3 alkanamidoX C1-3 

dialkylammo, N-pyrrcdidino» or N-piperidino; 

(c) disubsdtuted phenyl wherein said subsdtutents are die same 

2 5 and are selected from halo, C1.3 alkoxy, Q.3 dialkylanrino, C1.3 alkylthio, 

N-pynolidino, N-piperidino, 2,2,2-tnhaloethoxy, prop-2-ene-l-oxy, 
hydroxyv alkylcaifoonylalkylthio, carbalkoxyalkyltMo, phenylthio, 
alkoxyalkylthio, alkylthioalkylthio; 

(d) disubsdtuted phenyl wherein one of said subsdtuents is C1.3 

3 0 alkylduo, N-(Ci.3 alkyl)-N-(Ci.3 alkanamido), C1.3 dialkylamino, N- 

pynolidino, or N-pQ>^dino; and die other subsdtuent is selected from 
l-alkenyl-l-diio, C3.s-2-altenyl-l-duo,phenyldiio, alkylcaibonylalkyldiio, 
carbalkoxyalkylthio, alkoxyalkylthio, or alkylthioalk/lthio; 
or a salt thereof. 
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The con^unds of Fcminila (H) can be imqiaied accxxrding to the following 



Scheme 1: 



X 

FORMULA (A) 
FOF)MULA(C) 



FO»MULA(ib) 



FORMULA (C) 



SCHEME 1 



?2 ^3 
/\ 

NH2 



R2 R3 



FORMULA (11^ 



FORMULA (B) 



X FORMULA (C) 



FORMULA (10 



Formula (D) 



R2 R3 



FORMULA (il) 



R5> Ri 



Formula (E) 



2 V3 



H 



(R^ofeSn— ^ ^ Formula (F) 



FORMULA (II) 



Fbniiula(G) 



^ FORMULA (11) 



FORMULA (C) 



FORMULA (H) 



FORMULA (10 
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All the necessaiy l'-azyI*2-halOrethanoiie FQcmola (A) conqKiunds wheiein Xi 
is a halogen such as O or Br and X is chosM from a group consisting of memo or 
disubstituted phenyl, 4-pyridyl, and alkyl-substituted 4-pyridyI, are known in the art cnr are 
pit^aied by treatment of the correspondingly substttuted 1-phenyI^anones or l-(4- 
5 py]idyl)ebanones(wldch are comniercially available OTk^^ 

equivalent of halogen, preferably faromine, in acetic acid, 48% hydiobiomic acid, or a 
halocarbon solvent such as chloroform. See, e.g., Lan^ey, Org. Svn. Coll.. L 127 
(1944) and Taurins etal.. J. Heterocyclic Chem ,. 2» 1137 (1970). Alternatively, the mono 
and disubstituted l-phenyl-2-chloio-ethancxie Formula (A) ccHnpounds can be prepared by 

1 0 Friedel Crafts acyladcm of the corresponding mono or disubstimted benzenes with 2- 

chloroacetyl chloride and aluminum chloride by the method of Joshi etal.. J. Heterocyclic 
Chem. > Ig, 1 141 (1979), By these mediods. Formula (A) compounds are prepared 
wherrin X is 4-pyridyI, mono-Ci.4aIIgrl-subsdtu^ pyridyl, monosubstituted phenyl (as 

d^ned in Fonnuk (Q; oc disubsdtuted pheriyl (as defined in Formula (Q). 
1 5 Cdnqx>unds of Formula (Q as defined above are prepared from the following 

classes of Formula (B) corqpounds whorein R2, R3» R5, or R7 are hydn>£^ or are one or 

mcnne C1.2 alkyl groups; ie.,: 

1 • 2-amino-(13)-oxazole (W= O); 

2. 2-amino-(l,3>"thia2ole (W= S); 

20 3. 2-aminopyridine (W== •(C-R5)=<C-R7)-),; and 

4. 2-aminopyiimidine (W= -(N^CRy)-) 

The necessaiy Formula (B) ccnnpounds are conunercially available or are known in the art 
and can be readily prepared by one of ddll in the art 

The Formula (B) compound is reacted with a l-aryl-2-halo-eaianone Formula 

2 S (A) conipound to affoid the Formula (Q compound by allgrladon followed by 

(Tclodehydration. In this way, the following classes of Fcnmula (C) compounds are 
prepared: 



1 . imida2o[2,l-b]oxazolc (W= O); 

2. imidazo[2,l-b]thiazole (W= S); 

30 3. imidazo[U-a]pyridine (W^ .(C-R5>KC-R7)-); 

4. imidazofl^-ajpyrimidine (W= -(N=C3l7)-) 



The reaction to form the Formula (Q compounds is performed in a nonpolar 
solvent such as chloroform or toluene, or in a polar nonprotic solvent such as 
dimethylformamide cht acetonitrille. Alkylation is facilitated by die presence of one to four 
3 5 equivalents of a base such as powdered sodium carbonate or triethylamine, and 

cycloddiydradon is facilitated by headng (between ambient temperature and reflux) or 
removing the solvent and refluxing the residue in water or dilu^ aqueous add. 
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Compounds of Formula (C) may be treated with an alkyllithium compound 
to yidd tiic CQtieqxHiding lithium reagent by metallation. The lithium intermediate may 
tfien be treated mih an excess of magne^um balide or zinc halide etherate to yield the 
conespondingoiganometallicreagientbytran To this ocganometallic reagent a 

5 4-faar0mo» 4-iodQpyrUine or the triflate ester of a 4-hydn>7^ pyridine (a4-trifIuoixxnetfayI- 
sulfonylo?7pyddine)is added in die presence of a palladmm (O) catalyst, such as 
tetrakis(triphcnyl-phosphine)-palladium, with hexamethyl-phosphoramide; or with a 
palladium (II) catalyst, such as Pda2(l4-bis(diphenylphosphino)-butanc) catalyst , 
optionally, in die presence of lithium chloride and a base,such as triethylamme, to yield the 
10 corresponding Fomniula (II) compounds* fSec Kumada et aL. Tetrahedron T^nerg 
5319 (1981).] 

C^ompounds of Formula (F) as defined above are interaiediates to the 
G(»responding Formula (II) con^unds and are prepared by metalladon of die jqppiopriate 
Fonntda (Q ccmpoimds, where X is ^-pyiidyl or mcmoalkyl-suhsdtuted 4-pyridyl, with a 

1 5 liddating agent (such as s-butyllidiinm or n-butylliduum) in an edimal solvent (such as 
tetrahydrofuranXfoUowed by treatment widi a triall^^ These Fcnnnla OF) 

compounds are enqployed to prepare die Formula (ID ccnnpounds vAum Rq is 4-iqfridyI or 
mcmoallcjfl-subsdtuted 4-pyridyI, ic, one mole equivalent of die Fomiula (F) conqxiund is 
added to an excess of a solution of a mono* or di-substituted phenyl bromide, tzifiate, or 

2 0 preferably the iodide, in an inert solvent (such as tetrahydrofinan) preferably containing 
10% hexaniediyl-phosphoramide(HMPA) and 1 to 10 mole percent of a palladium (0) 
catalyst (such as tetrakis(triphenylphosphine)-palladium) by the mediod (fcsciibed in 
Adams mjL U.S. Patent 4,719,218, issued 01/12/88 and in Adams etal.. U.S. Patent 
Application Serial Number 07/255,816, filed October 1 1, 1988 now Patent Number 

2 5 5,002,942, issued March 26, 199 1 , or by using a palladium (II) catalyst in die presence of 

lidiiumddoride and an added base such as triediylaniine. Tiifiate precursors are prepared 
ftom die conresponding substituted phenols by treatment widi tiifluorosulfcMiic anhydride in 
the presence of a base such as pyridine or triethylamine. 

The compounds of Fbimula QI) wherein either R and Rq are a 4-alkyl 

3 0 substituted pyridyl are also prepared by dris route. Altemativdy, compounds of Formula 

(n) may be prepared by die analogcws reaction of an aiyl or heten>aiyl t^ 
widi a mixture of a Formula (H) compound and tetrakis-<triphenylphosphinc)-paUadium 
und^ similar conditions. The reaction conditions for Formula (F), and (P) compounds 
require diat the substituent ammo and sulfur substituted compounds, for example, be non- 
3 5 oxidized, or protected, ie. N-(Ci>3 alkyl)-N-(Ci.3alkanamido), etc., hence die final 

products of diese reactions are all optionally subject to additional oxidation/acylation, etc. 
procedures* For use herein, when a connqpound of Formula (C) contains X as a phenyl 
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(mono- or di- substiuted), the phenyl must be substituted with other than hydroxy, 
bromine, or iodine to yield a compound of Formula (H). 

The compounds of Fonnula (Q may also be treated with an excess of 
bromine to yield a bromo derivative, (a conipoand of Formula (H)) whsmn the substituent 
5 group on the phenyl of a Fornoda (Q compound is substttuted widi other than an iodine, 
bromine, hydrogen, hydroxy or nitro subsdtuent group, and is added to a pyridine boronic 
acid [B(OH)2 -4-pyridyl ] with a palladium catalyst such as Pd(Ph2P(CH2)4- PPh2)Cl2 or 
Pd(PPh3)4 in the presence of about three equivalents of sodium bicarbonate for about 12 
hours under reflux conditions with a DME (dimethyl ethaneVH2 in a 3:1 ratio. The 

1 0 pyridine-4-boronic acid is prepared ftom 4-brcHnopyridine by reation with n-butyllidiium, 
trying of the anion with triethyl borate and acid hydrolysis of the boronate ester. The 
method is simfliar to that of Fischer and Haviniga, Rec. Trav, Chim, navs Bas> Mt 439 
(1965). Additional references for coupling of bromopyridines with boronic adds are 
Sniectais,V.. Tetrahedron Lett, 29. 2135 (1988) andTcrashimia, M„ Ch^m, Phaj;i^, 

15 Ball., IL 4755 (1985X 

Tite brominated Formula (Q canq)ound (Fomula (H) conipotmd) can also, 
following halogen-metal ocdiange with n-BuLi and transmetallation with MgBr2> be 
coupled to a substituted halobenzene, preferably an iodide in the presence of bidratate 
palladium (H) catalyst or a J«Cn)a2 (l,2-bi-diphenyl-pho^hino)ediane) catalyst to yield 

20 the desired regioisonierofthe compounds of Formula (II). f See. Pridgem L Org. C3iem.. 
47, 4319 (1982)]. 

The magnesium or zinc daivative of a Formula (Q compound, however 
derived, when X is otiier than a4-mono Ci_4 alkylpyridyl or 4-pyridyl may also be 

coupled to a substituted 4-halopyridine in tiie presence erf die noted palladium (II) or Ni (II) 

25 catalyst to yield die final desired c(mqK>imd5 of FormttlaGI)* 

Conopounds of Fmnula (IQ whm R is phenyl or substimted phenyl, and 
is 4-pyridyl are preferaUy prepared in two steps by a modi&ation of the method of Lantos 
etal,. European Patent Application No. 203,787 published March 12, 1986, the disclosure 
of which is herein incoiponited by reference* 

3 0 Gcmipounds of Fonnula (D), as defined above, are N-(substitoted carbonyl)- 

1,4-dihydropyridines. The Fonnula (D) compounds are prepared by treatment of the 
corre^onding Formula (Q compounds of classes 1, 23,and 4 descriljed above, with a 
substituted carbonyl pyridinium salt by the method of Bender gt^ U.S, Patent 
4,803,279, issued February 9, 1989; Adams etal., U.S. Patent 4,719,218, issued 

3 5 01/12/88 and in Adams etal.. Patent Number 5,002,942, issued March 26, 1991. 
The pyridinium salt may be eidiCT preformed or preferably prepared in situ by addition of 
die substituted carbonyl halide (such as an acyl halide, an aroyl halide, an aiylalkyl 
halof(OTiiate es^, or prefo^ly an allcyl halofonxiate ester, such as acetyl bromide. 
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benzoylchloride, benzyl chlorofonnate, or preferably ethyl cMorofonnate) to a solution of 
tiie Fozraiila (Q compound in pyridine or in an ineit solvent such as methylene chloride to 
which pyridine has been added 

Conapounds of Fmnula as defined above, s^e as intermediates in the 
5 preparaticm of Fonnula (D) conipounds where one of Rq or in the product Formula QS) 
compound is mono-alkyl substituted pyridyl. Compounds of Fomula (E) are N- 
(substimted carbonyl>4-(l^-dihydro*2-alkyl)pyridines and are prepared by the method of 
Comins etal.. J, Org, Chem>> 47. 4315 (1982)» ie., by treatment of an appropriate 
Fonnula (Hb) compound in a dry ethereal solvent such as tetrahydrofuran at reduced 

1 0 tempmtureG)eIowO^ withasubsdmtedcarboflyIhalide(suchasanacylhalide»an 

aroyl halide, an aiylalkyl haloformate ester, or preferably an alkyl haloformate ester), 
followed by treatment with an alkyl grignaid reagent 

Craqpounds €i Fomula (D) and Formula (E) serve as intermediates in die 
preparadon of the conipouiuis of Fonnula (JO) and are converted into conqxiunds of 
1 S Fonnula (D) by deac^lation and oxidadon with a mild oxid 

described in Bender etal,. Patent No. 4,803,279; Adams etaL. U.S. Patent 
4,719,218, issued 01/12^8 and in Adams etal,. US. Patent Number 5,002,942, issued 
March 26, 199L Exemplary oxidadon systems are sulfur in a r^uxing in^t solvent, or 
solvent mixture (such as decalin, decalin and digjymc, p-cymene, xylene, mesitylene), or 

2 0 preferably with potassium tcrL-butPxide in tert-butanol with O2 gas at reflux for 15 

minutes to the afifOTd the coires-ponding compound of Formula (II). The compounds of 
Fonnula (U) may now be optionally reduced, hydrolyzed, oxidized, demethylated, or 
aerated to produce odio* de^red Fonnuk (n) conopounds pro^ 
route. 

2 5 Regioisomers of Rmnda (11) conqxyunds where Ri is substituted phenyl, 

or 4-pyridy 1 and Rq is 4-pyridyl are obtained firom compounds of Fomada (Q where X is 
4-pyridyL Cton3poundsofRinnuk(Q whereXis4-pyridylor2-al]Qrl-^^ 
prepared by treatment of an alkyl substimted or unsubstimted 4-bn3moacetyIpyridine 
hydrobromide salt of Formula (A), wherein R is 4-pyridyl or 2*alkyI-4-pyridyl [prepared 

3 0 as described by Taurins et al., LHetChem. , 2, 1137 0970)] with 2-3 equivalents of die 2- 

aminopyrrole or 2-aminopyridine by the procedure used to prepare die other compounds of 
Formula (Q described above. Brominarion, by the procedure of Kano cited above, affords 
the corresponding Formula (H) compounds, as previously described Metallation of the 
Foamula (Q compounds widi n-BuLi or halogen-metal interchange of the Formula (H) 
3 5 cmqxyunds with n-BuIi, followed by transmetallation with MgBr2 and coupling to the 

substimted halobenzrae, preferably iodobenzene, or 4-haIopyridine, preferably where halo 
is iodo, in the presence die bidentate phosphine-palladium or nickel complex as 
desaibed above affords die deabred regioisomers of Fonnula (II). Alternatively die 
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metallated pyridine or substituted benzene may be coupled to the F<»inula (H) compounds 
employing the catalysts as described above. 

Compounds of Rnmula (II) whexe one of Rx or Rq is mono or disubstituted 

phenyl possessing a 4-haIogai substituent (piderably fluoride) can be converted to the 4- 
5 dIJkyWm} Fonnula (D) compound by displacement of tfie halide ion with appxoximatetly 12 

equivalrats of the sodium sdt of the metal alkyl-mercapdde salt (such as sodium 

tfiioethoxide), or aryhtieicaptan, in a pdar nonprotic solvent (such as dimethyl-fcmnamide) 

heated to between 70 and 1 S(PC 

Con^unds of Fomiula (G) possessing one or more mercapto funcdonalities 
10 are prepared via Pummerer Reairangement on die corresponding alkylsulfinyl-substituted 

compounds of Formula (Ha). Pmnmerer Rearrangement of the corresponding compounds 

of Formula (Ha) is accomplished by the method described in Adams etal.. U.S. Patent 

Number 5,002,942, issued March 26, 1991 by lefiuxing with an alkancnc add anhydride. 

The compcKinds of Fonnula (Q may also be used to make the analagous conq[)ounds of 
IS Formula (G) containing a hydio^ in die Vi petition. Such use of the Formula (Q 

compounds wheiein die alkyldiio group is oxidized to an alkylsulfinyl function and dien 

reacted in Ae sinuliar mamier as the Foimuk (Da^ 

ccnesponding mercapto substituted Formula (Q ccmpounds, which may in turn be used tt> 
prepaze the various otiier R>rmula (Q conqx)unds, such as alkoxyalkyltiiio, alkenyltiuo, 
2 0 alkylthioalkylthio, allcyrlcarbonylalkylthio, or carbalkoxy alkylthio functions. 

The Fonnula (G) compounds where one of Vj or Vq is a mono or di- 
substituted phenyl having at least one mercapto substituent are obtained by hydrolysis of 
the Formula (H) acyloxyalkylthio products or preferably by treatment of a Fonnula (Ua) 
compound widi trifluomacetic anhydride followed by basic solvolysis with a base such as 

2 5 sodium metiioxide in medianol, similar to die m^od of R. R Young etaL. Tetrahedron 

Lstts&25.1753 (1984). 

Fonnula (G) compounds serve as intmnediates for die synthesis of Fonnula 
(H) amipounds where one of Ri or Rq of the Fomnila (11) ccsnpound is mono or 
disubstituted phenyl having at least one 2-altenyM*tfaio function. A solution of the 

3 0 Fonnula (G) intomediate in a polar solvent such as dimethylfonnamide is treated with a 

base» preferably a metal hydride such as sodium hydride, and the sodium morc^tide salt 
formed is treated with a l-'nalo-2-a]kene such as allyl bromide and heated from 25 to 80^C 
to give the Formula (II) compounds where one of Ri or Rq is a disubstituted phenyl 

having at least one 2-alkenyH«thio substituent 
3 5 Hie Fonnula (G) compounds described above also serve as intermediates for 

the synthesis of Formula (Q) conq>ounds in which one of Rj or Rq is a di-substimted 

phenyl having at least one 1-alkenyl-l-duo function. Treatment of the Fcnmula (G) 
conq)ound in a nonprotic solvent such as tetrahydiofiiran with a strong base such as Utfaium 
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diethylamide at low tempeiatiiic (-78 to -20^Q generates the lithium m^raptide salt This 
salt is all^lated at O^C wiOi a iximetiQrl^Iyl-meAylatmg agent (such as trimeifaylsilylnietfayl 
halide, tiiflate, or acetate) to fomi the trimethylsdlylmethylfliio substituent The latter is 
dqnotonated with addition of another molar equivalent of lithium diediylamide and treated 
5 with an alddiyde at ketone to ^ve tfie Formula (ID coxnpound where Vq or Vx is a di- 
sufastituted phenyl having at least one 1-alkenyI-l-thio substituent 

Compounds of Formula (II) where one of Rj or Rq is mono or 

disubsdtuted phenyl possesdng a 4-haIogen substituent (preferably fluoride) can be 
ccmverted to the 4-alkylthio Formula (II) conq)Ound by displacement of the halide ion widi 
10 a metal alkyt-morcaptide salt (such as sodium diioethoxide) in a polar nonpiotic solvent 
(such as dimethylformamide) heated to between 70 and ISO^C. 

The Formula (G) compounds may be obtained by treatment of a Formula 
(□) or (m) compounds ccmtaining a halophenyl function, preferably a fluoro or 
faromqphenyl, having at least one halo substituent on die ph^l xing, in dunediyl sulfoxide 

1 S PMSO) with NaSH(sodium Usulfide). An alternative reacdon to yield aFormula (C) 

compound containing a subsdtuted phmyl wheidn one of the subsdtuents is a mercapto 
function, or a Formula (G) compound is to treat a halophenyl dmvative of Formula (II), at 
(Q with Ae sodium salt of an alkylmercaptan wi A catalydc amount of a palladium (O) 
con^iound, such as tetrakis(triphenylphosphine)-palIadium in a solvent, such as DMSO. 

2 0 Compounds of Formula (I) or (II) herein R or is a mono- or di- 

substituted phenyl having at least one Ci-3alkylsulfinyl, Ci.3alkylsulfonyl, or Ci«3 

alkmylsulfinyl, or con^unds of Formula (P) wherem R or R^ is a di-substituted phenyl 
having at least one Q.3aDqrlsulfinyl, Ci.sallqrlsulfonyl, or Ci.salkenylsulfinyl; cm^ R or r1 

is a mono- or di-substimted jriienyl having at least one alkoxyall^lsulfmyl or phenyl- 

2 5 sulfinyl substiturat areprqiaxed by treatment of one or mcxe equivalents of the 

corresponding compound of Formula's (I), (II) or (ID) whcran R or r1 are Ci^^ ' 
alkylthiophenyl, C1.3 alkylsulfinylphenyl, acyloxyalkyltfaiophenyl , alkoxyall^lthio, 
phenylthio, or alkenylthiophenyl with one or more eqtiivalmts of an oxidi2dng agent (such 
as 3->chloroperbenzoic acid in an inert solvent or sodium or potassium persul&te in an 

3 0 aqueous organic add, such as acedc add, or sodium periodate in pen>xide, a pol^ 

such as aqueous methanol containing a mineral add such as hydrochloric add), aqueous 
acetic add, pCT m^icapto function, m an inert solvent Compounds of Formula (II) 
wherem R or R^ are C1.3 alkyl-sulfonyl , alkenyl-sulfonyl or alkenyl-sulEinyl substituted 
phenyl are prepared by treatm»t of one equivalent of the corresponding C1.3 sulfinyl 
3 S Formula (D) craipound wiA 2/3 equivalrat of KMn04 per sulfinyl function in aqueous 
add solution by tfie method of Chatterway et aL, LChem^Soc. 1352 0930), or 
altmiati vely with one equivalent of a peracid 
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Cbmpounds of Rmnula (II) possessiiig an alkylsulfinyl, l-alk^yl-l- 
sulfinyl, or 2-alkenyH-saIfinyl mono ot disubstituted phenyl ring, or those compounds of 
Rxmula (11) piepared by oxidation of fte coire^nding ccxnpoands of Formula (Ua) 
(possessing, respectively, an alkylthio, l-alkenyl-l-tfuo or 2-alkenyH-thio mono or 
S disubstituted phenyl ring by employing one equivalent of oxidizing agent per sulfide in the 
molecule can be produced by use of an oxidizing agent as well. The oxidizing agent may 
be an wganic peiacid (such as 3-chloropcroxybenzoic) added dropwise to a solution of the 
Fomiula (II) compound in a halocarbon (such as methylene chloride) at ice bath 
tenq)erature, or an inorganic agent (such as sodium periodate, sodium persulfate, 

1 0 potassium persulfate, or hydrogen pwoxide) in aqeuous acetic acid, or acetic add, added 
diopwise to a solution of tiie Fomiula (II) compound in water ccxitaining 2 equivalents of 
an inorganic acid (such as hydnx^hloric acid). 

Applicants have found as one aspect of this invration tiie use of the 
oxidizmg agents, sodium posulfate and potassium persul&te ftxr producing aryl sulfoxides 

15 fix^maiylsdfides on nitrogm containing h^oxK:)^ This is a process 

which comprises treating said aryl sulfide witii sodium or potassium p^ulfate in aqeuous 
acetic acid yielding the corresponding arylsulfoxide« As noted previously, Srinivasan et 
al., Indian J. Chem.. 268, p. 193 (1987) describes tiie oxidation of a number of sulfide 
compounds which have other functionalities such as methoxy, nitro, acetyl, and chloro 

2 0 groups but none contain an amine nitrogen such as the compounds of this invention. It is 

in fact tiie oxid^on of such moieties while attached to such hetero nitrogen ring systems 
that is unusual as the expectation that the nitrogen would tiiemselves be oxidized. 
Applicants show herein tiiat the arylsulfides, particulariy die alkyltiuophenyl moieties can 
safely be oxidized to die correspcmding sulfones in the presoace of a hetero-mtrogen 
25 containmg ling system. 

The reaction temperatures may be quite varied and ranger fix>m about 0^ C to 
about IWC Preferably die iranperature range is from about O^C to about 60^ The 
reaction time may be from minutes to days, and an additional co-solvent may also be used. 
Such co-solvents include, but are not limited to, THF (tetrahydrofuran) and acetone. The 

3 0 method of mixmg need not be in a dropwise fashion as indicated above for otiio- oxiziding 

agmts. 

Prefered aiyl sulfides arc the phenylsulfide derivatives. Further preferred are 
the alkyl substituted alkyl sulfide derivatives, such as methyl or ethyl thio. Het^o-aromatic 
and non-aromatic nitrogen containing ring system on which the aiyl sulfide moiety is 
3 S found, includes but is not limited to, imidazole, triazole, pyrrole, pyrimidine, pyridine, 
6,7-dihydro-l5H]-pynolo[2,l-a]imidazole, pyrrolo[2,l-a]unidaTOle; 2,3- 
dihydroimidazo[2,l-b3-tiiia2ole, imidazo[2,l-b]tiuazole-oxide or 1,1-dioxide; 2,3,4,5, 
tetrahydro-inMdazo[2,l-b]tiiiazole-l-oxide or 1,1-dioxide, inridazo[2,l-b]oxazole. 
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inndazo[i;2-a]pyridine, 5,6 J,8*tetrahydromiida20-[l^-a]pyridine; 1,4-dihydiDypyridinyl; 
1^^,6-tetrahydropyridininyl, or a inudazo-[l,2-a]pyrimidine ring systems. The aiyl 
sulfide in Ae case of multiple ring systems may be attached to either ring. 

Preferrably the nitiogen heterocyclic ring system is 2,3^ 
5 dihydidmidazo[2,l-b]-diiazole, imidazo[2,l-b]thiazole-l-oxide or 1 J-dioxide, 
iimdazo[l^-a]pyridine, 6 J-d2hydn>-[5H]-pynolo[2,l-a]iinidazoleor imidazole. 

Acetophenones substituted with a mono- or di-subsdtu^ phenyl having at 
least one N-(Ci.3alkanamido)or N-(Ci.3 alkyl)-N-(Ci.3 alkanamido), and in some cases 

the Fomiula (C), and Formula (II) compounds, are prepared by acylation of the 
1 0 corresponding ammo and N-(Ci.3 alkylamino) conxpounds with die alkanoic acid 

anhydride or chloride in pyridine. Another altemative preparadon of die N-(Cx.3 alkyl)-N- 
(C1.3 allcanamido) phenyl substituted Fomula (Q and Fonnaula (D) compounds is the 
allgrlation of the conesponding N-(Ci.3 alkananndo) substituted compounds with sodium 
hydride and a Ci«3 all^l bromide or iodide in dunetiiylfiocmamide. 

1 S F(mnuk(Q and Fonnub(n)conqK)unds containing a m^ 

sntetituted phenyl having at least one amino substituent are prepared eitiier by hydxoly^s 
of the onresponding N*-(Cx.3 alkanamido) compounds in lefiuxing 6 N mineral add or by 

catalytic xedwtion of the corresponding nitro compounds^ 

Formula (Q and Fcmnula (II) compounds containing a mono- or di- 

2 0 substituted phenyl having at least one N-(Ci.3 alkylamino) substituent are preferably 

prepared by acid catalyzed hydrolysis of the coiresponding N-(Ci«3 alkyl)-N-(Ci_3 
alkanamido) compounds of Formula (C) and Fomiula (II), respectively, prepared as 
desoibed above for the aminophenyl substituted conqwunds, or alternatively, eitiier by (a) 
xeduction of the conesponding N-(Ci.3 alkanamido) ccmqxiunds widi borane or borane 
25 dimedivlsulfide complex in THF bv tiie metbod rfBiown. "Qr panic Synthesis ^n^ 

Boranes" , John Wiley and Sons, (1975), or (b) by cleavage of die ccHresponding NJI-(di 
^1-3 aUcylamino)phenyl substituted Formula (Q and Formula (11) compounds widt 

cyanogen bronude in die Von Braun reaction [see, Hageman Org. Reactions, Vol. 7, 198 
(1953)]. 

3 0 Formula (Q and Formula (n)conq)ounds containing a mono- or di- 

substituted phenyl having at least one N,N-(di C1.3 alfcylamino) substituent are 
alternatively prepared cither by reduction of the conesponding N-(Ci.3 alkyl)-N-(Ci-3 

alkanamido) compounds of Formula (C) and Formula (II) with borane as described above 
for the N-(Ci.3 alkylamino) substimted compounds, or by displacement of the fa-omide by 
35 a NJ4-dialkylamine in the corresponding 4-bromo-3-nitr(yphenyl Formula (Q and Formula 
(II) compounds by heating at 140^C with the NJT-dialkylamine and potassium cait)onate in 
an inert solvent 
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Fomnila (C) and Formula (H) ci»xqK>i]iids containing a mono- or di- 
substitated phenyl having at least one N-pyirolidino and N-pipaidino substituent are 
alternatively piepaied by cyclodiall^lation of die conesponding aminophenyl compounds 
with dibromobutane or difaromopentane and anhydrous potassium carbonate in an inert 
5 solvit such as dimethylfimnamide. 

Compounds of Fonnula (Q where X is mono- or di- substituted phenyl 
having at least one 2^;2-trihaloethoxy or pn>p-2-ene-lK>xy substituent are prepared by 
alkylation of the appropriate phwiols of FcMinula (Q with trifluoromethylsulfonic acid 
2^>trifluoioethyl estCT cm- allyl teomide respectively as described by Bender et al,, JL 
1 0 Med, ChenL > 28» 1169 G985), for preparation of compounds No. 23 and 33 described 

therdn. Appropriately substituted mono and dihydro>gr phmyl compounds or disub^tued 
phenyl conq)ounds wherein one substituent is hydroxy of Fomiula (Q and Fonnula (II) 
are obtained by treatment of their req)ective conespcmdmgly substitu^ metiioxy 
derivatives with HBr in acetic acid, or preferably with BBr3 in CH2O2 ^ metiiod 

1 5 described by Bender et aL, L Med. Chem.. 2S. 1 169 (1985), for die preparation of 

conq>ound No. 14 described therein. 

Compounds rfFomiula (II) or Formula (Q whe?e R is Ci-jalkoxy mono- 

or di- substituted phenyl are prepared by alkylation of the appropriately substituted 
hydtXMOThcnyl cOTipounds with die corresponding C1.3 alkylhalide in the presence of a 

2 0 strong base such as sodium hydride in an aprotic organic solvent such as 

dimetfaylformamide. 

Compounds of Fonnula QI) wh^em R or r1 is phenyl di-substituted witii 
an acyloxyalkyltiuo gn>up wherein the alkyl is qptionaUy substituted 
Ci.4alkyl an$ prepared by treating a compound of Foimul^ is phenyl 

2 S substituted with at least one alkylsulfinyl group witii an alkanoic add anhydride. 

Hydrolysis of the resulting acyloT^alkylthio compounds yields compounds of Fonnula (G) 
wherdn one of r1 or R is phenyl substituted witii a sulfhydryl function. The sulfhydryl 
substituted compounds can be treated with an alkanoic acid anhydride or an alkyltbiono 
acid chloride in pyridine or a hindered amine, such as di(Ci.3alkyl)amine under 

3 0 appropriate conditions, to prepare compounds of Fonnula (G) wherein one of R1 or R is 

phenyl substituted with one or mcne acylthio or dithioacyl groups. 

Compounds of Formula (H) wherein one of r1 or R is phenyl substituted 
with at least one thiocarbamyl or dithiocarbamyl groiq) are prepared by treating die 
sulfhydryl-containing Formula (G) compound, prepared as above,with a carbanQri halide 
3 5 or diiocarbamyl halide in die presence of a base such as pyridme to yield die deared 
compounds. The two hydrogen atoms on die respective nitrogen atom in die carbamyl 
halides or diiocartemyl halide derivatives may be replaced independentfy by alkyl, alkenyl, 
alkynyl, aryl or heteroaryl derivative, which may in turn be optionally substituted. 
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Gonqiounds of Fommla (D) whmin or R is phenyl disubsdtated vnOi 
an alfcenyltfaio group wherein one saturated carbcm atom sq)arates the sulfur from the 
caiix>n bearing Ae double bond can be prepared by alkylating a compound of Formula (G) 
(or Formula (Q whexein one of Rl or Rq may be a phexrjrl substituted vnAi at least one 
S sulfhydiyl group),widi an appropriately substituted alkenylhalide, such as allylbromide. 

Compounds of Formula or Formula (C), wherein Rl or R is phenyl 
substituted with an alkylcaibonylall^lthio or caibalkoxyalkylthio group are prepared by 
treatment of the corresponding sulfhydiyl substituted coixipounds with an 
alkylcarbcHiylalkylhalide, such as faromoacetone, or with a carbalkoxyalkylhalide, such as 
10 ethylbromoacetate. 

Conipounds of Fomiula (□) wherein Ro or Ri is phenyl substituted with an 
alkenyUiio group wherein the sulfur is attadied to the carbon bearing the double bond are 
prepared from the corresponding compounds of Formula (G) or (Q, as defined above, 
wherein die phenyl is substituted wiifa a merc^to group. The mercapto substituted 
1 S con^und is converted to a metal sal t in a polar sdvent vnAi a strong base such as a metal 
hy(Mde» a metal alkoxide or lithium diethylamide* The metal mercaptide salt is treated with 
triall^Isilylmethylchloride in an aprotic solvent such as tetrahydrofuran is treated at reduced 
tenqperature with a Uthiating reagent such as lithium die Aylamide followed by treatment 
with an appropriate aliphatic aldehyde or ketone to prepare die compounds of Formula (II) 

2 0 and Formula (C),wherein R , Ri or X, is phenyl substituted with one or more alkenyltido 

groups. 

Oompounds of Formula (H) wherein R cnr R^ is phenyl substimted with an 
alkoj^caibonyltiiio are prq>ared by reacting a metal mexcaptide salt prepared as described 
above, with an appropriate alkylwarylcUoroformaie. The metal mercaptide salt is fomied 
25 fixmi a confound ofF(mnula(G)'«^min one of R or r1 is phenyls)^ - 
sul&ydryl function prq)ar6d as previously described. Compounds of Formula (II) 
wheiein R or R^ is phenyl substimted with one or more aIko?cythionothio groups axe . 
prepared by reacting the metal mercaptide witii the appropriate alkyl or aiyl 
halotiuonoformate. 

3 0 Coii^)Ounds of Formula (D) wherein R or R^ is alkoxyalkylthio are 

prepared by reacting the metal mercaptide salt of Formula (G) or Formula (Q, prepared as 
described above, with an sq^prcqniate halomethyl etho:. Oxidation of the resulting 
alkoxyalkylthio compounds by reacting with a suitable oxidizing agent such as 
cUorc^benzoic acid yields the compounds of Formula (U) whsxmi R or R^ is phenyl 
3 5 substituted witii an alkoxyalkylsulfinyL 

Compounds of Formula (11) wherein R or R^ is phenyl substituted with a 
substituted disulfide group are prepared by mild air oxidation of the compounds of Formula 
(n) wherein R or R^ is phenyl substimted witii a sulfhydiyl group, prepared as described 
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above. The nonsymmetrical disulfide (Z) whmin Z is -S-S-Zi and Zi is phenyl or Ci^g 
alkyl, the compound may be prepared by reaction of &t sulfhydiyl con^und with the 
appropriate sulf myl balide in an ethereal solvent to afifoid ccnnpounds df Formula (II) 
wherein cxie of R or is phenyl substituted widi one or more alkyl-ditfaio or aryl-ditfaio 
5 groups The metfiod of Mukaiyama et al» Tetrahedron Letters. 56:5907-08 (1968) allows 
f(xruse of the desired aiyl-SH or alkyl-SH reagent tieated with diethylazodicarboxylate in 
1: 1 equivalOTce at room tempertanre in a solvent, yielding an adduct which is then treated 
with 1:1 ratio of the desired mercaptan of Formula (G). Hiis process will also yield the 
disulfide dimer of the conq)ounds of Fomaula (II). Prefi^ably the disulfide linkage is on 

10 the Ro position of the compounds of Formulas (I) and (II). 

Compounds of Formula (II) and Formula (C), wherein R, Ri or X, is 
phenyl substituted witii an alkylthioalkylthio group are prepared by reacting the analogous 
sulfhydiyl conqK>und, prq)ared as described above» with the appropriate caibcmyl 
ccmiponent, such as formaldehyde, aceu>ne, or acetaldehyde, using either mineral or Lewis 

1 5 add catalysis conditions to yield the symmetrical ditfaidcetaL Theintemiiediate 

hydroxylalkyldiio derivative reacts with anotiier sulhyihyl containing compound under the 
acid catalysis conditions to yield what is essentially a "bis" type conqx>und, dififering only 
by tfie alkyl chain insertion, i*e. [Formula dO-S-CaiRl-S-Formula (H)]. The substitution 
of the alkyl, R,Qr r1, is determined by tiie reactive carbonyl functional group, wherein R 
20 or r1 may be C1-9 alkyU aryl or heteroaiyl, all optionally substituted. The 

nonsynunetrical thioketals can be prepared by the reaction of tiie metal mercaptan salt, 
prepared as described above, with a halomethyl thioether to yield compounds of Formula 
(n) wherein one of R or Ri is phenyl substimted witii (me or rosxc allcylduoalkyltiuo 
groups. The metal salt reacts witii an indq)endent and varying alkyl chain length 

2 5 balometiiyHCRR^]-tiuoal]^l[ary]/heteroaryl] compound to yield the "non-fais" Qrpe 

. compounds, [Formula (I)-S-CRR1-S-R2], wherein R and R^ are as defined above for die 
"iris" compounds, and R^ is a C1.9 alkyl, aryl or faeteioaryl group which may be 

optionally substituted. A mixture of Rq and R] linkages is ccmtemplated, as part the 
present invention, hoev^, preferably the linkage is cm botii Rq positions of the compounds 
30 ofF6rmulaO[)or(II). 

An alternate metiiod of preparation of the nonsymmetrical disulfide 
conq>ound, wherein only one component is a compound of Formula (II), and the other half 
of the disulfide link is an alkyl, aryl or heteroaryl derivative, may be prepared by reaction 
of a sulfhydryl compound of Formula (II)» with the appropriate sulfenyl halide, in an 

3 5 ethmal solvent to afford compounds of Formula (II) wherdn one of R or r1 is phenyl 

substituted with one or more [alkyl]- ditiiio groups, Le. [Formula (n)-S*S-R^], wherein 
R-R2 are as defined in the above paragr^h. The contenq>lated sulfi^yl halide derivatives 

of alkyl, aryl, or heteroaryl groups may be optionally substituted. 
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The disulfide compound(s) tnay also be prepared firom the corresponding 

alkyi sulfoxide conq)Ounds, such as methylsulfinyl, pxopylsulfinyl, iso-propylsulfinyl, 

wh^dn the alkyI can be a straight chain or branched dOTvative having fiom 1 to 9 carbon 

atoms, in a solvmt, preferably a chlorinated one soch 'as cMoroethylene, methylene ^ 

S chloride or chloiofonn, to which is added a carfooxcylic acid anhydride, such as 

trifhnoacedc anhydride, oracle anhydride. The PumuggrCTreantangemmt reaction naay * 

require some heating prior to addition of an alkali wetil hydro»de, such as sodium 

hydroxide. If acetic aiihydride is used than headng is also likely to be needed during the 
hydroxide treatment, before addition of iodine solid which then affords die 

1 0 symmetrical disulfide compound as is noted above Mixtures of the sulfoxide conq)ounds 
may be present in the solution to yield "symmetrical" compounds but with varying 
subsdmmt groups on fte di-heteroaiyl-imidazole ring system of the present invention. 

This invention also relates to the use of a pharmaceutical conq}osition 
coix^rismg an effective, non-tt>xic amount of a compound of Fbtmula QA) and a 

1 5 pharoiaceuticdly acceptable carrier or dilumt in the inetiiodsdis^ 

Hiarmaceutically accq>tahle salts and tiieir preparation ace wdl known to diose 
sldlled in pharmaceuticals. PhartnaceuticaUy acceptable salts of die compounds of lK>rinula 
CD which are usefid in the present invention include, but are not limited to, maleate, 
fumarate, lactate, oxalate, metiianesulfonate, etiume-sulfonate, benzenesulfonate, tartrate, 

20 citrate, hydrochloride, hydrobromide, sulfate and phosphate salts. Preferred 

pharmaceutically acceptable salts of the compounds of Formula CO include hydrochloride 
and hydro-bromide salts, and such salts can be prepared by known techniques such as the 
metiiod of Bendar et^>. U.S. Patent 4,175,127, the disclosure of which is hereby 
incocporated by reference. 

25 

METHOD OFTREATMENT 

It has now been discovered tiiat tiie compounds of Fbrmula (J) are useful 
fax treating disease states mediated by die 5*lip0Kygmase patiiway of arachidonic add 
metabolism in an animal, including mammals, in need tiiereoL The discovery tiiat die 

3 0 compounds of Formula Q) are inhibitors of the 5-lipoxygenase pathway is based on tbe 
effects of the compounds of Formula 0) on the production of 5-lipoxygena$e products in 
blood ex vivo and on the 5-lipoxygenase in vitro assays, some of which are described 
hereinafter. The 5-Kpo>ygenase pathway inMlritory action of die compounds of Fornaula 
Q) was confirmed by showing tiiat tiiey impaired the production of 5-lipo5qrgenase 

3 5 products such as leulrotriene B4 production by RBL-1 cell supemants. ^ 

The pathophysiological role of arachidonic add metabolites has been the 
focus of recent intensive studies. In addition to die well-described phlogistic activity (Le, 
^eral inflammatory activity) of prostaglandins, the more recent description of sunilar 
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activity for cicosanoids has broadened the interest in these products as mediators of 
innammation [See, OWaherty, Lab, Invest, 4Z» 314-329 (1982)]. The reported 
disccyvery of potent chonotactic and alge^c activity for LTB4 [see, Sxnitfa» Os!L 

PhamacoL, 12. 211-216 (1981) and Lcvinc et al., SSSB^ 22S> 743-745 (1984)], 
5 together with known LTC4 and LTD4-m6diated increase in capillary permeatnlity [see, 
Simmons et aL, Biochem. PharmacoL, 22> 1353-1359 (1983), Vane et aL, Prostaglandins. 
2L 637-647 (1981), and Camp et al . Br, J. Pharmacol,. 80. 497-502 (1983)], has led to 
their consideration as targets for {tomacological intervention in both the fluid and cellular 
phases of inflammatoiy diseases. 
1 0 The phannacology of sevordinflaniniatoiy model systems has attested 

the effectiveness of corticosteroids in reducing the cellular infiltration. These results, and 
the observation that corticosteroids inhibit the generation of both cyclooxygenase and 
lipoxygenase products, suggest diat such dual inhibitors may effectively reduce botii the 
fluid and cellular phases of die inflammatoty response dnce selective (^looxygenase 

1 5 inbiUtors do not leliaUy inhibit cell influx into inflammaioty sdtes [See, Vinegar et al., 
Fed.Proc., M. 2447-2456 (1976), Higgs et aL, InkBrfL 32, 265-270 (1983), and 
ffiggg et al,- Pmstaplandins. Len Vntrienes and Medicine- 13- 89-92 (1984)1. Under 
optimal ccmdittons, it is litely tiiat an agent with preferntial lipoxygenase inhiUtoiy 
activi^ would not diace die ulcerogenic liability of cyclooxygenase inhibitors or the toxicity 

20 of corticosteroids. This may suggest that the compounds of the present invention could be 
useful in treating diseases whae it is beneficial to limit ulcerogenic activity or steroidal side 
effects such as osteoarthritis. [See Pahnosldetal.,'*Benox2q)rofen Stimulates 
Proteoglycan Syntiiesis in Normal Canine Knee Cartiledge in Vitro. '' Artimtis an4 
Rheumatism 26. 771-774 (1983) and Rainsford, KD., Agent? ^d Actions 2L 316-319 

25 (1987).] 

Clinical data supports the entiiusiasm for inhibitors of the 5-lip03iy^nase 
pathway in a variety of inflammatory diseases in wUdi granulocyte and/or nxmocyt^ 
infiltration is prominent The repented denxmstration of elevated levels of LTB4 in 

liieumatoid anhritic joint fluid [See, Davidson et aL, Ann. RheumL Dis- 42, 677-679 
3 0 (1983)] also suggests a contributing role for arachidonic acid metabolites in liieumatoid 
arthritis. Sulfasalazine, which is used for ffeatmwit of ulcerative colitis, has been reported 
to inhibit LTB4 and 5-HETE production in vitro [See, Stenson et al., J. Clin> Invest,, ^ 

494-497 (1982)], The recenfly reported preliminary observation of efficacy, including 
remisaon, reported with sulfasalazine treatment of itieumatoid arthritic patients [See 
3 5 Neumann et al., Brit. Med> J. , 287. 1099-1 102 (1983)] iUustrates tiie utility of inhibitors 
of die 5-lipoxygenase patii way in rheumatoid arthritis. 

Additionally it has been reported that inflamed gastrointestinal mucosa from 
inflammatory bowel disease patients showed increased production of LTB4 [See, Sharon et 

! 
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aL, gastn?cnterolM M 1306 (1983)], which suggests Aat sid&salazine can be effective by 
virtue of iidiifaiticm of production of diemoiactic dcosanoids (such as the 5-lipoxygenase 
pathway product known as LTBi^. The observations serve to underscore utility of 
inhiUlOfS of the S-lipoxygenase pathway in inflammatorv bowel disease. 
5 Another area of utili^ for an inhibitor of the S-lipoxygenase pathway is in 

Ae treatment of psoriasis. It was demonstrated that involved psoriatic skin had elevated 
levels of LTB4 [Sec, Brain et aL, Lancet 12, February 19, 1983], The promising effect of 
benoxaprofen on psoriasis [See, AHen et al.. BritL DermatoL , 109. 126-129 (1983)], a 
ccHnpound with in YitE2 lipoxygenase inhibitory activity lends siq)port to the concept that 

1 0 inhibitors of the S-Kpoxygenase pathway can be useful in tiie treatment of ESSSiasis. 

Lipoxygenase products have been identified in exudate fluids from gouty 
patients. This disond^ is characterized by massive neutrophil infiltration during flie acute 
inflammatory phases of the disease. Smce a majwS-lipoT^genase product, LTB4, is 
produced by neutrophils, it follows tiiat inhibition of tiie syntiiesis of LTB4may block an 
1 5 anq>lification mechanism in gout. 

Anotiier area in which inhilntors of die S-hpcfxygeaask product can hxve 
utility is m myocardial infarcfipt^ Studies in dogs with the dual inUlntor, BW75S-C 
dononstrated that the area of infarction following ccnonaxy occlusion was reduced, and 
such reduction was attributed to inhiWtion of leukoqrte infiltration into the ischacmic tissue 

2 0 [See, Mullane et al.. L PharmacoL Exp. Therap.. 23&. 510-522 (1984)]. 

Yet anotiier area of utili^ for inhibitors of the 5-lipoxygenase pathway is in 
tiie area of prevention of rejection of organ transplants. [See, e.g., Foegh et al., Adv. 
ProSttelandi n, Thromboxane. andLeukotriene Research. 12, 209-217 (1983) J 

Yet anotiier utili^ for inhit»tt»:s of tiie 5-lipo;qrgenase pathway is in the 

2 5 treatment of tissue trauma- [See, eg., Denzlmger et aL Sdence, 230 (4723), 330-332 

0985)]. 

Furtiiemioce, aiiotiior area of utility for inhibitors of the 5-lipoxygenase 
pafliway is in die treatment of inflamniatory reaction in tii e central nervoi« syff ftt], 
including multiple sclerosis. [See, e.g., Mackay ct al., Qin. Em. Tmmiifioln|Tv ^ 471. 

3 0 482 0973)3. 

Another area of utility for inhibitors of tiie 5-lipoxygenase pathway is in the 
treatment of astfum. [See, e.g-, Ford-Hutchinson, J, Allergy Clin, Imtminnl id^ AXl^ 
440 (1984)]. Additionally anotiier utility for inhibitors of the 5-Iipoxygcnse patiiway is in 
tiie treatment of Adult Respitory Distress Syndrome* [See, e.g„ Pacitti et al., Ciic> Shock 
35 , 2L 155-168 (1987)]. Yet anotiier utility for inhibitors of tiie 5-lipoxygenase patiiway is 
in the treament of alleigic liiinitis. 

Anotiier area of utility for inhibitors of tiie 5-lipoxygenase patiiway is in tiie 
treatnaentofvascuKtis,glomeralonephiitis, and iimnune complex disease. [See Kadison et 
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al*, ••Vasculitis: Mechanism of Vessel Damage" in Inflammation: Basic Principles and 
Clinical Correlates, 703-718, Ei GalHn et al.. Raven Ress, N.Y,, N.Y. (1988).] 

Another arca of utility for inhitntors of the 5-Iq)0Kygenase pathway is in the 
treatment of dem[iatiti& peg Pyg et al.. "Systemic Therapy" in Textbook of Dermatology. 
S Vol. m, 2501-2528, Ed Rook et aL, Blackwell Scientific Publicaticnis, Oxford, England 
(1986).] 

Anothar area of utility for inhibitors of the S-lipoxygenase pathway is in the 
treatment of atiierosclerosis. Recent studies have shown that inhibition of oxidative 
modification of low density lipoprotem slows progression of atherosclerosis, and that 

1 0 inhiHtors of lipoxygenase efifectively inhibit cell-induced oxidative modification. [See 
Caiew et al., Proc. Nati. Acad, Sci. USA. M, 7725-7729, November 1987; and 
Steinberg, P.. Cholesterol and Cardiovas cular Disease. 76. 3, 508-514 (1987).] 

An additional area of utility for inhibitors of the 5-lipoxygenase pathway is 
in die optical area, in particular general inflammation of the corneal antoior and posterior 

1 5 segments due to disease or surgery sudi as in post surgical inflammation, uveitis, and 
allergic coniuntivitis. Rao et A Arch. OphatfamaL 105 (3) 413-419 (1987): 
Chiou, L. and Chiou, G. X Ocular Pharmacol. L 383-390 (1985); Bazan R, J. Qculay 
Pharma, 4.43-49 (1988); and Veibey NX. et al.. Cnment Eve Research 7- 361-368 
(1988).] 

20 Yet another area in which inhibitors of Hpid peroxidation involved in die 

OPUFA mediated can have utility is that generally rcfered as degenerative neurological 
disorders, such as Paridnson's disease. Another area is that of traumatic or ischemic 
injuries, such as stroke, brain or spinal cord injuries and inflanomoatory disease of the brain 
and spinal column. More spedciaUy preferred disease states are die mycanM induced 

25 ischCTm: injuries and/or reperlfusion inj^^ [See. Bmughler et aL- Jour. Biol. Chem.. 

Vol. 262, No. 22, ppl0438-40 (1987), see also Xu et aL, J, Nenrochemistrv. SI. 907-912 
(1990); Asano et aL, Molecular and Chemical Neuropadiologv. 1Q:101-133 (1989) and 
Bracken et aL, NE. J. Med., 222:1405-141 1 (1990)] 

30 It has also been discovered that die compounds of Formula (I) are useful for 

treating disease states mediated by die cydooxygenase pathway of arachodonic acid in an 
animal, including mammals, in need thereof- The discovery that the compound of Formula 
(I) are inhibitors of cydooxygenase products is based upon the effects of the compounds of 
Fcffmula (I) on tiie production of die PGE2 products, and die human monocyte data, the 

3 5 assays of which are described herein. 
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This invention also relates to aphannaceutical composition comprising an 
dfective, non-toxic amount of a Fomiula Formuta (II) or ODD) compound or salt 
diereot and a phamiaceutically acceptable canier or diluent for use in the methods 
described herein* The compounds ofFomiuIa (I), FbhnulaCD) or (IIQ axe administered in 
5 conventicmal dosage fixrms prq)aied by comtnning a compound of Formula (I)» Formula 
(ID or (m) in an amount sufficient to produce an OPUFA inhibiting, 5-LO inhibiting or CO 
inhitnting activity vdA standard phamiaceotical carriers according to conventional 
procedures- The compounds of Formula (I), Formula (II), or Formulas (HI) may also be 
administed in conventional dosages in combination with a known, second therapeutically 

1 0 active ccxnpound, such as an antihistamine, anti-bacterial or anti-fungal agent These 

procedures may involve mixing, granulating and conxpressing or dissolving the ingredients 
as appropriate to die desired preparation* 

This invration relates to a pharmaceutical compo^tion comprising an effective 
amount of a cbmpoundor a phannaceutically accq)table salt tiioeof of 2-(4- 
1 5 Metfaoxyphenyl)-3K'4-pyri(fyl)-7KXxo*5,6-dihydro-|^^ 5,6- 
I>ihydro*2-<4-Metiio3{yphei^l>-3-(4-pyridyl)-rnil-i^^ or 5,6- 

Dihydro-7,7-difiuoro-2-(4-M^hoxypheny])-H'^pyri^l)-|^ 

and a pharmaceutically accqitable carrier or diluent for treating an OPUFA, specificaUy a 5- 
LO, or CO pathway mediated disease state. These compounds are administered in 

2 0 conventional doseage forms prepared by combiiung tiiem in an amount sufficirat to 

produce OPUFA, 5-LO inhiWtmg or CO inhibiting activity wifli standard phamiaceutical 
carriers according to convmtional procedures. 

The pharmaceutical canier employed may be, for example, either a solid or 
liquid :&«»nplaiy of solid carriers are lactose, tena alba, sucrose, talc, gelat^ 
25 pectin, acada,niagnesium5tearate, stearic acid and die like. Ex^plaiy of liquid carriers 
are syrup, peanut oil, olive oQ, water and the liloe. Similarly, the carrier or dilumt inay 
include time delay material well known to die art, such as glyceryl nnonostearatt^ or glyceryl 
distearate alone or witii a wax. 

A wide varieQrofpharmaceutical forms can be employed. Thus, if a solid 

3 0 carrier is used, the prqparation can be tableted, placed in ahard gelatin capsule in powckr or 

pellet form or in the form of a troche or lozenge. The amount of solid carrier will vary 
widely but preferably will be fexim about 25 mg. to about 1 g. When a liquid carrier is 
used, the preparation will be in die form of a syrup, emulsion, soft gelatin capsule, sterile 
injectable liquid such as an ampule or nonaqueous liquid suspension. 
3 5 To obtain a stable water soluble dose form of an insoluble Fcffmula (I) or 

Formula (JJ) compound, a phannaceutically acceptable salt of the Fomiula (I) or Formula 
(II) compound is dissolved in an aqueous solution of an organic or inorganic acid, such as 
a 0.3 M solution of sucdnic add or, preferably, dtric add. 
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Preferably, each parenteral dosage unit will contain the active ingredient [i,e*, 
the coirpound of Formula (I) or (11)] in an amount of from about 50 mg, to about 500 mg. 
Preferably, each oral dosage will contain the active ingredient in an amount of finun about 
100 mg to about 1000 mg. 
5 The compounds of Formula (I) or (II) may also be administered topically* 

Thus, the compounds of Fonnuk (0 or Fomiuk (ID nmy be adnd^ 
treatment or proj^ylaxis of inflatmnation in an animal, including man and oth^ 
maromals,and may be used in the relief or prophylaxis of 5-lipoxygenase padiway mediated 
diseases such as rheumamid arthritis, rheumatoid spondylitis,osteoaiifaritis, gouty arthritis 

1 0 and other arthritic conditions, inflamed joints, eczema, psoriasis or other inflammatory skin 

conditions such as sunburn; inflammatory eye conditions including conjunctivitis; pyresis, 
pain and other conditions associated witii inflammation. 

The amount of a compound of Fbmiula (I) or Formula (II) requ^ed for 
tha:apeutic effect on topical administration will, of course, vary widi the compound 
1 5 <^osm, the nature and severity of llieinflamniatoiycondSiticma^ 

. treatnient, and is ultiniatdy at the discretion of die phyindan. A suitable anti-inflanmiatoiy 
dose of an active ingredimt is 1^ mg to 500 mg of base for topical administration, tiie 
most preferred dosage bdng 1 mg to 1000 nqg, for example 5 to 250 mg adranistrared two 
or three times daily. 

20 By topical administtation is meant non-systemic administration and includes 

the ^plication of a compound of Fonnula (I) or (II) externally to the epidermis, to tiie 
buccal cavit/ and instillation of such a compound into the ear, eye and nose, and where the 
compound does not significantiy enter die blood stream. By systemic administration is 
meant oral, intravenous, intraperitoneal and intramuscular administratioiL 

2 5 While it is possible for an active ingredient to be administered alone as die raw 

chramcal, it is preferable to present it as a pharmaceutical fonnulatioiL Theactive 
ingredient may conqprise, for topical administration, fix>m 0.001% to 10% w/w, e.g. from 
1% to 2% by wdght of the formulation aldiough it may comprise as much as 10% w/w but 
preferably not ui excess of 5% wM and more preferably fixim 0 J% to 1% w/w of die 

3 0 formulation. 

The ttqncal fimnulations of the presmt invention ,both for veteminary and 
human medical use, comprise an active ingredient together with cme or more acceptable 
carri©r(s) dierefor and opticMially any otiier therapeutic ingredient(s). The cairier(s) must be 
'acceptable* in die sense of being ccnnpatible with die odier ingredients of the formulation 
3 5 and not deleterious to the recipient thereof. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflammation such as 
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liniments, lotions, creams, ointments or pastes, and drops suitable for administration to the 
eye, ear or nose. 

Drops according to the present invention may comprise sterile aqueous or oily 
solutions or su^mdons and may be prepared by dissolving ttie active ingredient in a 
5 suitaUe aqueous solution of a bacteriddal and/or fungicidal agent and/or any odier suitable 
preservative, and preferably including a surface active agent The resulting solution may 
tiien be clarified by filtration^ transferred to a suitable container which is dien sealed and 
sterilized by autockving or maintaining at 98400C for iialf an hour« Alternatively, the 
solution may be stoilizcd by filtration and tranrfeired to the contains by an aseptic 
1 0 ^hnique. Examples of bactericidal and fungicidal agents suitable for includon in the 

drops are phenylmercuric nitra^ or acetate (0.002%), benzalkonium chloride (0.01%) and 
chloriiexidine acetate (0.01%). Stdtable solvents for the preparation of an oily solution 
include glycerol, diluted alcohol and prc^ylene glycoL 

Lotions according to the presaot invration include ifaose suitable for 

1 5 application to the skin or eye« An ^ lotion msQr comprise a sterile aqueous solution 

optimally containing a bacteridde and may be prqiaied by methods similar to those for die 
preparation of drops. Lotions ch* linimoits for plication to the skin may also include an 
agent to hasten drying and to cool the skin, such as an alcohol or acetone, and/ora 
moisturizer such as ^yceml or an oU such as castor oil or arachis oiL 

2 0 C^reams, ointments or pastes according to the present invention are semi-^solid 

formulations of the active ingredioit for external application. They may be made by mixing 
die active ingredient in finely-divided or powdered form, alone or in solution or suspension 
in an aqueous or non-aqueous flu&l, with die aid <tf suitable machinery, with a greasy or 
. non-greasy basis. The basis may comprise hydrocaiboiis such as hard, soft or liquid 

2 S parafBn, glycerol, beeswax, a metallic soap; a modlage; an dl of natural oAffn such as 

sdmond, mm, arachis, castor or olive cnl; wool fat or its derivatives, or a&tty add such as 
steric or oleic acid together with an alcohd such as prolylene glycols The 
fonnulation may incorporate any suitable surfivre active agent such as an anionic, catioruc 
or non-ionic sulf actant such as socbitan esters or polyoxyethylene derivatives tiiereof . 

3 0 Su^nding agents such as natural gums, cellulose derivatives or inorganic materials such 

as ^licaceous ^icas, and otixer ingredients such as lanolin, may also be included 

Hie compounds of Formula (I) or (II) may also be administered by inhalation. 
By "inhalation" is meant intranasal and oral inhalation administration. Appropriate dosage 
forms fcHT such admimstration, such as an aerosol formulation or a nsetered dose inhaler, 
3 S may be prepared by convmticmal techniques. The daily dosage amount of a compound of 
. Fomiuk (I) or (H) administered by inhalation is firom about .Img to abw 
preferably about 1 mg to about 10 mg/kg per day. 
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A compound of Formula (I) or (II) or a phannaceutically acceptable salt 
thereof can be adininisteied to such human in a cmventional dosage form prepared by 
combining a compound of Formula (J) or CD), or a pharmaceutically acceptable salt thereof, 
a conventkmai pharmaceudcally acceptable carrier or diluent accciding to known 
5 techniques, such as those described above as well as diose described in Adams et^» U.S. 
Patent Number 5,002,942, issued March 26, 1991. Itwillbeiecognizedby oneof skillin 
Ae art that the fonn and charac^ of the pharmaceudcally acceptable canier or diluent is 
dictated by the anK)unt of active ingredient with which it is to be combined, the toute of 
administradon and other well-known variables* 

1 0 The route of administradon may be cval, pulmonary, parenteral, buccal, intra- 

articular ,nasal or tqpical« The temi parenteral as used herein includes intravenous, 
intramuscular, subcutaneous intranasal, intrarectal, intravaginal or intraperitoneal 
administration. The subcutaneous and intramuscular fororis of parent^ adn:^^ 
generally pieferted. The daily oral dosage regimen wiU preferably be fn^ 

IS 100 mg/ldlogram €if total body weigjht The daily parenteral dosage regfanen will preferably 
be fiom about 2 to about 80 mg per kilogram 0cg) of total body wd^t, most preferably 
fi:omabout3toabout60mg/kg. The daify topical dosa^ regimen wiU preferaUy be fiom 
about 2 mg to about 10 mg per site of administration. It will be recognized by one of skill 
in the art tiiat the optimal quantity and spacing of individual dosages of a compound of 

2 0 Foraiula (I) w (II) or pharmaceutically acceptable salts fliereof will be determined by the 
nature and extent of the condition being treated, die form, route and site of administration, 
and die particular patient being treated, and diat such optimums can be detennined by 
conventional techniques. 

It will also be i^ypredaied by one of skill in die art diat die optimal quantiQr and 

2 5 spacing of individual dosages of die Fmnula (0 or (II) compound will be determined by 

die nature and extent of die condidcm bdng treated, die finm, route and site of 
admimstiadm, and die particular animal bdng treated, and that such optimums can be 
determined by conventional techniques. ItwillalsobeaipredatedbyonedFskillintheart 
diat the optimal course of trratment, i.e., die number of doses of a compound of Formula 

3 0 (I) or CO) or a pharmaceutically acceptable salt tiiereof given per day for a defined number 

of days, can be ascertained by those skilled in die art using conv^tional course of 
treatmenv determination tssts. 

The route of administration for the compounds an their pharmaceutically 
acceptable salts of 2K4-Methoxyphenyl)-3<4-pyridyI)-7-oxo-5,fr4ihydn>-[7H]- 
3 5 pynolo[l,2-a]imidazole; 5,6-Dihydn>-2-(4-Metfioxyphenyl)-3-(4-pyridyl)-[7H]- 

pym)lo[l,2-a]imida2ole-7-ol; or 5,6-Dihydit)-7,7-diflu(MO-2-(4-Medioxyphenyl)-3-(4- 
pyridyl)-[7H|-pyrrolo[l,2-a]-imida2ole may be by oral, puhnonaiy, parenteral, buccal, 
intra-articular ,nasal or tqpical means as defined herein. The subcutaneous and 
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intramuscular forms of paienteral administtadon ate generally prefened The daily oial 
dosage legimen will preferably be fincrni about 1 to about 100 mg/idlogram of K>tal body 
wdght dependent upon the route of administration, preiexably from about 2mg to about 
SOtxig/kgperday. ItwiUbeiecognizedbyoneof sk3Uintfaeartthattheq)dn^ 
5 and spacing of individual dosages of one of Aese tiuee compounds orpharmaceutically 
acceptable salts tfia:eof will be determined the nature and extent of the condition being 
treated, the form, route and site of administration, and die pardcular patient being treated, 
and tfiat such optimums can be determined by conventional techniques. 

10 EXAMPLES 

Witiiout further elaboration, it is believed diat one skilled in the art can, using 
die preceding desciipticHi, utilize the present invmtion to its fullest extent The following 
Exanoples are, dierdfoce, to be consorued as merely illustrative and not a limitation of the 
scq>e of die present invmtion in any way. 

15 

PHARMACEUTICAL OQMPQS TTON E3CAMPLES 

EXAMPLE A ^CAPSUI^CiOMPOSrnON 

A pharmaceutical composition of this invention in the form of a capsule is 
2 0 prepared by filfing a standard two-piece hard gelatin capsule with 50 mg. of a compound of 
Formula (I), in powdered formi, 1 10 mg. of lactose, 32 mg. of talc and 8 mg. of 
magnesium stearate. 

EXAMPLE B - INIECTABLE PARENTE RAL COMPQSmON 
25 A phaxmacoitical composition oflfaisinventbn in a £cM^ 

administration by injection is prepared by stitring U% by wdg^t of a compound of 
Formula Q) in 10% by volume propylme glycol and water. The soluticm is stmlized by 
filtration. 

30 

EXAMPLE C - OINTMENT COMPOSITTON 
Compound of Fonnula (I) 1.0 g 
White soft paraffin to 100.0 g 

The compound of Fonnula (I) is dispersed in a small volume of the vehicle 
35 and tfiis(fispeiaKm is gradually incorporated into the bulk to produce a smooth, 
htxnogeneous product wfaidi is filled into cdOapable metal tubes. 



EXAMPLE D - TOPICAL f!RFAM COMPOSITION 
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Compound of Fonnula (I) 1.0 g 
Caibowax 200 20.0 g 
Lanolin Anhydrous 2.0 g 
White Beeswax 2.5 g 
5 Methyl hydroxybenzsoate 0.1 g 
DistiUed Water to 100.0 g 

The carbowax, beeswax and lanolin arc heated together at 60^C and added to a 
solution of mediyl hydroxybenzoate. Homogcnization is achieved using high speed 
stirring and the tenq)eiatarc is allowed to fell to 50OC The compound ofFormulaOD is 
1 0 added and dispersed throughout* and the composition is aUowed to cool with slow spe^ 
stirring. 

KXAMPLER ■ TOPICA T.T.OTrON mMPQSmON 
Compound of Fmmula (I) 1.0 g 

1 5 Sorbitan Monolaurate 0.6 g 

FolysQrt>ato200.6g 
Cetosteaiyl Alcohol 1.2 g 
Glycerin 6.0 g 

Methyl Hydroxybenzoate 0.2 g 

2 0 Purified Water B.R to 100.00 ml 

The methyl hydroxybenzoate and glycOTn are dissolved in 70 ml of the water 
at 750c The sorbitan monolaurate, polysorbate 20 and cetosteaiyl alcohol arc inelted 
together at 75^0 and added to die aqueous solution. The resulting emul^on is 
homogenized, allowed to cool with contmuous stirring and die compound of Fonnula (Q is 
25 added as a suspension in the remaining water. Hie whole suspendon is stirred until 
homogenized. 

FXAMPLB P- EYE DRO P rOMPOSmON 
Compound of Fonnula (I) 0.5 g 

3 0 Methyl Hydroxybenzoate 0.01 g 

Propyl Hydroxybenzoate 0.04 g 
Purified Water B.R to 100.00 ml 

The methyl and propyl hydroxybenzoates are dissolved in 70 ml purified water 
at 75^ and the resulting solution is allowed to cooL The compound of Formula (I) is then 
3 5 added, and the solution is made up to 100 ml witii purified water. Ihe solution is sterilized 
by filtration dnoug^ a membrane filter (0.22 mm pore sizi&) and packed asq)tically into 
suitable s^le containers. 
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EXAMPLE G > COMPOSmON FOR ADMINISTT^TION BY INHALATIQN 

For an aerosol container widi a capadty of 15-20 
ml: Mix 10 mg of a confound of Formula (D with 0.1-0^% of a lubricating agent, such 
as Span 85 or oleic add, and disperse such mixture in ajnopellant (c.a«)» such as freon, 
5 preferably a combination of fiecm 114 and fieon 12, and put into an apprcqmate aerosol 
contamer adapted for dtfaer intranasal or oial inhaladcm adndnistradon. 

EXAMPI^H^COMPOSmONFORADMINISTRATlQNBYINH^ 

For an aerosol container with a capadQT of 15-20 ml: Dissolve 10 mg of a 
1 0 compound of Formula (I) in eAanol (6-8 nd), add 0.1-0.2% of a lubricating agent, such as 
Span 85 or oleic add, and disperse such in a propellant (ca.), such as fineon, preferably a 
cominndon of freon 144 and fieon 12, and put into an appropriate aerosol container 
adapted fiir either intranasal or oral inhalation administration. 

15 imLlTY EXAMPLES 

In the tests used to determine acdvi^ as 5-Iipoxygenase pathway inhibitors, 
male BallVbnnce (20-28 g), were used. All nuce were obtained fixmiQiariesIUver 
Breeding l4iboratcMies,King5tori,N.Y. WilMn a auigleeTqieriinent, truce were a^ 
fxi^tched. 

2 0 Reagents were employed as follows: 

Compounds of Formula (I) were used as the free base. The compounds 
were dissolved in acid saline. Compounds administered by lavage at the indicated 
dose in a final volume of 10 ml/kg. 

For m 3QSQ e^qieriments, compounds were dissolved at aiqxropriate 
25 ocmoentraticms in ediand (final concentradon 1X)%) and flien diluted to final ccxicrattadons 
wiag Ae buffers indicated in tfie text 

Aiachidonic Acid-Tnduced Mouse Ear Inflammation 
Arachidonic add in acetone (2 mg/20 ml) was applied to the inner surface of 
Ae left ear. The thickness of bodi ears was then measured with adial micrometer one hour 

3 0 after treatment, and the data were cxptesscd as the change in thickness (1 0"^ cm) between 

treated and untreated ears. 

Test compounds were given orally in add/saline at the times indicated in the 
text prior to the topical application of arachidonic add. 

Assav of 5-Lipoxvgenase Activities 
3 5 The 5-lipoxygenase (5-LO) was isolated fimn extracts of RBL-1 cells. 

These cells were obtained from the American Type (Culture (jollecdon (#CRL 1378) and 
woe grown at 37^ with 5% Cp2 in spinner culture udng Eagles essndal medium (MENQ 

si^plemented medium with 10% heat inactivated fetal calf serum. The cells were collected 
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ftom culture by centrifugation at 2,0CX)xg for 20 minutes and then washed twice with 
50mM sodium phosphate (pH 7.0) that contained ImM EDTA and 0,1% gdatin. After tfiis 
wa^ the cells weie resuspended in fiesh phosphate buffer to achieve a concentration of 
5X107 cells/ml. Hiis suspension was disrupted by nitrogen cavitation using the Pair bomb 
5 at 750psi for 10 minutes. Hie broken cells were then centrifuged at 10,000xg for 20 
minutes. The supernatant was collected and centrifuged at 100,000 xg foe 60 minutes* 
This supmiatant was collected and stored at -70°C until assayed 

The inhihirion of 5-lipoxygenase activity was measured by one of two 
assays, the radiotracer extent assay either measured after 90 seconds at 20®C or measured 

1 0 according to the method of G. K. Hogaboom et aL» Molecular Pharmacol. 30. 510-519 

(1986) or the continuous p2 consunqition assay. The results frwn cither assay are 
comparable if not identical All compounds were Assolved in etihanol with the final 
concentration of ethancd being 1% in die assay. 

The ndiotracer extmt assay exammed the 5-lq)oxygenase p^ 
1 5 [tiansLTB4 (DI-HETE), 5HETB and 5HPETE] produced after a 90 second incubation at 
20^C Aliquots (40mL) of the supernatant wm preutcubated widi die inhibitor or vehicle 
for 10 minutes in 25mM BisTris buffar (pH 7.0) tiiat also contained ImM EDTA. ImM 
ATP, 50mM NaQ, 5% ethylene gylcol and 100 mgAnl of sonicated phosphatidylcholine 
(total volume 0.238 ml). The 5-Iipoxygenase reaction was initiated by the addition of 

2 0 Caa2 (2mM) and l-C14-arachidonic acid (25mM; 100,000dpm))(final volume 0.25ml). 

After 90 seconds, the reaction was terminated by the addition of two volumes (0.5ml) of 
ice chilled acetone. The sample was aUowed to deproteinize on ice for 10 nrinutes prior to 
cratriftiging at 1,000 xg for 10 minutes. The deprotrinized siq>ematants wese dried under 
argoiiandtiieniedissoivedin200mLofethanoL These samples wmtiien analyzed by 

2 5 reverse phase HPLC as described by GX Hogaboom et aL, Molecular Pharmacol. ^: 

510-519 (1986), hsxmn incoiporated by reference. The ccwopound-mediated inhilntion of 
5-lipoxygenase activity is described as the concentratim of compound causing a 50% 
inhibition of product synthesis. 

The second assay for assessing inhibition of the 5-lipoxygenase activity was 

3 0 a continuous assay which monitored the consumption of O2 as die reaction progressed. 

The 5-lipoxygenase enzyme (200mL) was preincubated witii the inhibitor or its vehicle in 
25mM BisTris buffer (pH 7.0) tiiat contained ImM EDTA, ImM ATP, 5mM NaQ and 5% 
etiiylene glycol for 2 minutes at 20**C (total volume 2.99 ml). Arachidonic add (lOmM) 
and Caa2 (2mM) were added to start the reacticm, and die decrease in O2 concentration 
3 5 followed witfi time using a Qailc-type electrode and the Yellow Spring O2 monitor (Qrpe 
53)(Ycllow Springs, OH^. The optimum velocity was calculated ftom die progress curves. 
The compound mediated inhibition of 5-lipoxygenase activity is des(^bed as die 
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concentration of compound causing a 50% inhibition of optimum velocity for the vehicle- 
treated sample. 

LTC-4 / PGE2 Production from Human Monocytes in vitro 
5 a) Cell Preparation: HuniannK>nocytesixfeieprq)aredfr<mIeukosour% 

supplied by die American Red Ctoss(PhfladelphiaJ^). The leukosouice packs were 
fcacdona^ by a two-step procedure described by F. Cblatta et aL, J. Immunol. 132. 936 
(1984), herein incorporated by reference, that uses sequential sedimentation on Hcoll 
followed by sedimentation on PercoII. The monocyte fiactiCHi that results from this 

1 0 technique was coxx^sed of greater than 85% inonocytes (with the remainder being 

neutrophils and lyniphocytes). The monocytes (L5 X 10^) were placed into 
polypropylene tubes and used as a suspended culture. The assay buffw consisted of RPMI 
1640 buffer, [Moore. G. E. et al., JAMA> 122* 519 (1967) hwein incorporated by 
reference] 1% human AB serum, 2niM g^utamine. 100 UAnl Penicillin/Streptomycin, 25 
15 mMHEPES [4^2*hydroxyethylH-pq)e]:a39ne-ed^ 

b) LTC4/PGE2 Production: Monocytes (0.9mIAube) were dispensed into 12 X 75 
mm polypropylene tubes (as a suspended culture). CQncqx>unds (lOOul of a lOX stock of 
the compound of xnteiest) cfissohred in the assay media was added per tube Opcrfonned in 
dupUcte). The cells were incubated for about 45 minutes at about 7^C with constant 

2 0 agitation in a humidified incubator* A23187 calcium ionophore (2uM final concentration) 

used to stimulate tiie cells, was added and the monocytes were incubated an additional 15 
minutes. Supematants were then collected from each tube, clarified by centrifiigation, 
divided into two aliquots and stored at -70PC until assayed. 

c) Radio-immunoassay: Supematants were assayed for LTC4Fn)duction and 
25 PCX2 by xadioimniuiiassay; which was perfomied using a 

Leukotriene [3h|-LTC4 and [^I]-PGE2 RIA Elt acccnding tt> die noanufactur^s (New 
England Nucdar» Boston Massachusetts) instructions. The compound-mediated inhibition 
of LTC4is described as the omcentration of compound causing a 50% inhibition of LTC4 

producticm. 
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TABLE 1 . 

AimiNHJVMMATORY ACnVHY OF FC»MULA (I) 
PERCENT INHffimONOFARArHroONir Arm.T^TTrRnMQUSEEAR 
5 SWELLINOa (50 me/kg i).o.^ 

COMPOUND NUMBERli 1 65.0 

3 Nfouse ear edema was measured as described in Griswold etal.. Inflammation. 11(2), 
1 0 189-199 (1987), the disclosure of which is hereby incorporalBd by reference. 

b onnpound no. 1 is 2-(4-methoxyphenyl)-3-(4-pyridyl)-imidazo-|;i,2-a]-pyridine. 

TABLE n-5-LO DATA: 

1 5 COMPOUND NUMBERll 1 . 16.0 

COMPOUND NUMBERS .2 36.0 

COMPOUND NUMBER^ .3 greater than 100 

COMPOUND NUMBERS .4. . — greater than 100 

20 c compound no. 2 is 5.6-Dihydn)-7J-KlifluorcH2-(4-Methoxyphenyl)-3<4-pyii^ 
pynolo[l,2-a]-imidazole. 

d cond^wund no. 3 is 2-(4-MethoxyphenyI)-3-(4-pyridyl)-7-oxo-5,6-dihydro-[7Hl- 
pynx>lo[l,2-a]imidazole. 

e conxpound no. 4 is 5,6-Dihydro-2-(4-MetlK>xyphenyl)-3'(4-pyridyl)-|7Hl-pyrrolo[l> 
25 a]iinida2nl&-7-oL 

TABLE nT-LTCA DATA: 



COMPOUND NUMBERb 1 12.0. 

COMPOUND NUMBER£ 2 15.0 

3 0 COMPOUND NUMBERS 3 33.0 

COMPOUND NUMBERS .4 18.0 

TABT.F.TV-PaR;DATA 
3 5 COMPOUND NUMBER t 1 -0.4 
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RESULTS 

Based upon the data shown herein the con^unds of Foonula (I) show 
inhilntion of both 5-LO and CO activity and the 7-substituted difluxoio, 7-oxo and 7- 
hydroxy derivatives of a pyizolo[2,l-a]inndazole, and thoefoie axe expected to be usefiil in 
S tfie treatment of OPUFA , spedfically mediated by inhibitiOT of die S-LO and 00 mediated 
exaytnss, 

10 EXAMPLEl 

2-f4-Mercaptophe nvn-3-(4-pvridvmmidazor L2-a1pvridine 
Fprmpla (Q) Cpmppqnd 

Tlie title compound is prepared by treating 2-<4-methyIsulfinyIphenyl)*3-(4- 
pyri<fyl^midazo[l^-a]-pyxidine, prepared as desoibed in Exan^le 15, of Brader etqL , 

IS U.S.ApQcation Serial Number 07/365349, filed June 13, 1989. 

A solution of 5.17 g (15.5 mmoles) of 2^(4-mcthyl$ulfinjrlpheiT)rI)-3*(4- 
pyiidyl)inudazo[l,2-a]pyridine in medqrlene chloride is coded to (fC is treated with 9 J g 
(46.4 mmoles, 6.5 ml) of trifluoroacetic anhydride in methylene chloride. The mixture is 
heated to reflux fOT 1 hour and stripped in vacuo . The residue is treated with water and 

2 0 extracted inu> methylene chloride. The oigamc phase is washed with aqueous sodium 

bicarbonate, saturated brine, dried over anhydrous sodium sulfate and stripped in vacuo. A 
solution of this residue in anhydrous methanol is neutralized with 5 ml (23 nunoles) of a 
25% solution of sodium metfaoxide in methanol and stirred at room tonp^ature for 3 
. houis. This solution is ttien poured into ice^water, treated witiiSNsodiunibi 
25 solution, and concentrated in vacuo to remove most of the methanol. This mbcture is tiien 
»tracted into methylene chloride, and tiie organic phase is washed witii water, saturated 
brine, dried over anh vdrous sodium sulEate and stripped in vacuo. Theresidueis 
chromatpgraphed on silica to afford the tide compound. 

30 EXAMPLE2 

2-(4-EtiioxvcarbonvlthiophenvlV3-f4>pvridvlVimidazori,2-a1pvridine 

To an ice-bath cooled soluticHi containing 1.03 g, (3.4mmole) of 2«(4- 
mercaptophenyl)-3-(4-pyridyl)-imidazo[l^-a]pyridine prepared as in Example 1 above, 
and 0.5ml (3.6nmK>le) of triethylamine in 10ml of methylene chloride is added 033ml 

3 5 (3.5nmK>le) of ethyl chloroformate. The reaction is allowed to warm to room tenoperature 

and stirred for several hours. The mixture is then diluted witii metiiylene chloride and 
washed with 3N NaHCOs, saturated NaQ, treated witii Na2S04, stripped, then flash 
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chnxnatogiaphed rai silica wifli medtytene chloride containing MeOH to give Ae desired 
tided compound. 

EXAMPLE S ' 

5 24^4-Phenoxvthiocarbonvlthinphenvn-3- r4-pvridvlVimidazori.2-a1t)vridine 

To an ice-badi cooled solud(» containing 1J03 g C3.4iimioIe) of 2-(4- 
meR»ptophenyl)-3<4-pyridyl>-iniida2o[l^-a]pyiidifle prepared as in Example 1 above, 
and 05 ml (3.6 mmole) of triethylamine in 10 ml of dig^me is added 0.48 ml (3.5mm61e) 
ofphooyldilarothioDofomiate. Ilie reaction is allowed to wann to room temperature and 
10 heated at 40° to 12(yx: for several hours. Wodmp and chromatography in a mann 
analogous to that oidined in Exam[de 2 affords die desired tided coniqx)^ 

liXAMPLE4 

:^r4-f2-Qxohntvndiinphenvn-3-f4-pvridvlVin ^Marnf1 -Z-alpvridine 
15 To an ice-badi cooled solution containing 1.0 3g (3.4mmole) of 2-(4- 

. merc^iophenyl>3-(4-pyridyl)-imidazo[l,2-a]pyridine iHq>ared as in Example 1 above, 
and 0.5 nd (3.6 mmde) <tf triediylanune in 10 ml of m^ylene chlotidB is added 036 nd 
(3.5imnoIe)ofl-bramo-2-butanone. The reaction is allowed to warm to room temperature 
and stined at room tonperature for several hours. Woifciq^andduomatogo^hyina 
20 manner analogous to that oudined in Exaiiq)le 2 affoids the desired tided cotiipoimd. 

EXAMPLES 

2^4-Mertif«vmeihvlthiophenvn-3-f4 -pvridvtt-imida2nri.2-alDvridine 

To an ice-bath cooled solution ccmtaining 1.03 g (3.4mmole) of 2-(4- 

2 5 mercaptophenyl)-3-(4-pyr[dyl)-imidazo[l,2-alpyridine prqjared as in Example 1 above, 

and 03 ml (3.6 mmole) of trietiiylamine in 10ml of metiiylene chloride is added 0J7 ml 
(3.5 mmole) of bromomeUiyl methyl edier. The reaction is allowed to wami to room 
tcnq>eratnre and Stilled at nxNn temperature fixr several hours. Woikupand 
diromatogr^hyinamanneranabgoustotiiatoudinedinExaixi[de2affordsthedeshed . 

30 titiedcompound. 

2[, ?-Pfr»pati-divl-Msr2-f4-thiophenvlV3-f4-pvridv TViriT<^'*^"r ^-^^^ 

To an ice-bath cooled solution containing 1.03 g (3.4 mmole) of 2-(4- 

3 5 mercapt(vh«)yl)-3-(4-pyridyI)-imidazo[l,2-a]pyiidine prepared as in Exanqple 1 and 0,12 

ml (1.7 mmole) of acetone in 5 ml of metiiylene chloride is added 0.10 ml of boron 
trifluoride etiierate. Afta- 4 hours at 0**C tiie reacticm is diluted with metiiylene chloride and 
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worked up as outlined in Example 2. Purification by cfaromatography on silica affords the 
desired dithioketal. 

5 l-^A-Men^ophesttvlV^-^ l-^lpyridine disulfide 

2.06g. (6.8 nunole) of 2-<4-mercaptophenyl>3-(4-pyiidyl)-2niidazo[l^- 
ajpyridine prepared as in Example 1 above, is dissolved in a solution containing 4 parts 
edianol and 1 part concotitrated aqueous amnxxda and allowed to air oxidize in an open 
£iaskat2(M0°Cfor ltD4days. The solvent is stripped ia3aOK2£U3d die product is 
1 0 purified by chromatography on silica to yield the desired disulfide. 

In an alternate procedure to fliat described in above 2-(4-MercaptophenyI)-3- 
(4-pyridyl)-imidazo[l,2-a]pyridine is prepared in situ by adding to a stirred, ice-cooled 
soluticm containing 1.03g of the sulfoxide, 2-(4-methylsulfinylphenyl)-3-(4-pyridyl)- 
imidazo[l,2-a]pyridine in 7 ml of chloroethylene, 127 ml of trifluroacetic anhydride. The 
1 5 soluticm is allowed to wann aiid stirred at zoom tenq[»eniturB 

pcnntl(kx]lofethanol and 3ml ofa 10% sodium l^droxidesdiidoni^ Hfiera 
minutes later l2(80Qmg) is added. After about an addidonall hour of stirring the reaction 

rmxtnie is diluted widi methylene ddoride, washed with a 10% sodium hydroxide soludon, 
and dried over potassium carbonate. Fla^ chnmmtx^phy on dfica affords the desb^ 
20 tideconapound. 

E? CA M PLP8 

2-(4'EthvlditfaiophenvlV3-f4-pvridvlViinidazori^-a1pvridine 

Ethanesulfenyl chloride (0.33 g) is added dropwise to an ice-bath cooled 

2 5 solution ccmtaining 1.03 g (3.4 mmole) of 2-(4-mercaptophenyl>3-(4-pyridyl)- 

inmiazo[l,2-a]pyridine prepared as in Exan^le 1 above, in tetrahydnifuran. The mixture is 
allowed to warm to room temperature. Workup yields die crude disulfide which is purified 
by cbromatt>gnq>hy on ^lica. 

30 EXAMPI.E9 

2-f4-N-Phenylami nocarfaonvltfiiophenvlV3>f4-pvridvlVimidazorL2-a^^ 

Phenyl isocyanate (0.38ml, 3.5mmole) is added dropwise to a stirring ice- 
bath cooled solution containing 1.03 g (3.4 mmole) of 2-(4-mercaptqphenyl)-3-(4-pyridyl)- 
imida2o[l,2-a]pyridine prepared as in Example 1 above, in tetrahydrofiiran. The mkturc is 

3 5 allowed to warm to room tempoature. Workup yields die crude tided compound which is 

purified by chromatography on sUica. 
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EXAMPLE 10 

2-f4-N-PhenvldithiocMi>amovlDh envlV3-f4-pvridvlHmidazor 

Phenyl isothiocyanate (0.42 ml, 3.5 mmole) is added dropwise to a sdning 
ice-bath cooled solution containmg 1.03 g (3.4 mmole) of 2-(4-mcrcaptophenyl)-3-(4- 
5 pyridyl)-iinidazo[l^*a]pyridine prepaxed as in Example! in tetrahydrofuran. The mixtuie 
isdlowedtowamitoitxmtenipeiatuieandsdxr^ Woikup yields the 

crude tided ccxnpound which is purified by cfaramatpgiaphy on silica* 

EXAMPLE 11 

10 2-^4-DitfaiocaifeamovlDhcnvl V3^f4-pvridvn-imida2ori^ 

Thiocaibamoyl chloride (336 mg, 3.5mmole) is added dropwise to a stirring 
ice-bath cooled solution containing 1.03 g (3.4 mmole) of 2-(4-mexcaptophenyl)-"3-(4- 
pyridyl)-imidazo[l^-a]pyridine prepared as in Example 1 above, in tetrahydrofuran. The 
mixture is allowed to warm to room temperature and sdned for several hours. Workup 

1 5 yields the crude titled conqx>und which is purified by chrcmiatogrs^hy on silica. 

EXAMPLE 12 
2-^4>N-N-Dimethvlami nncarficinvIAionh 

NJ^-Kmefliylcarbamoyl chloride ^75 nag, 3.5 mmole) is added dropwise 
20 to a stirring -20°C solution containmg 1.03g (3.4 mmole) of 2-(4-mercaptophenyI>3-(4- 
pyridyl)-imidazo[l,2-a]pyridine prepared as in Example 1 above, in tetrahydrofuran. The 
rtnxture is allowed to warm tt> room temperature. Wc»kcq) yields the crude thiocarbamate 
which is purified by duomatography on silica. 

25 EXAMPLE 13 

244>DithiobenzovlphenvlV3-f4-pvridvlVimida 2ori^-alpvridine 

Thiobenzoy 1 chloride (546 mg, 3JS mmole) is added dropwise to a stirring 

ice-batii cooled solution ccmtaining L03g Q.4 mmole) of 2-(4-mercaptophenyl)-3-(4- 

pyridyl)-imidazo[l,2-a]pyridine prepared as in Exanq>le 1 above in tetrahydrofuran. The 
30 mixture is aUowed to wann to Rxmitmiperature and stirred £^ Workup 

yields tiie crude tided ccmipound which is purified by chnnnatogrs^hy on silica. 

EXAMPLE 14 

6-f4-Methvlsu lfinvlphenvlV5-f4>pvridvnimida2or2,l-b1thiazole. 
3 5 Fomiulam Compound 

The tide compound is prepared by treating 6-(4-methylthiophenyl)-5-(4- 
pyridyl)imidazo[2,l-b]thiazole, as described in Example 20 of Bender etal. . U.S. 
AppUcation Serial Number 077365349, filed June 13, 1989. 
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EXAMPLE 15 

6-f4-MethvIsiilfinvlphenvl'>- 5-(4-pvridvl'>i iTii^?^Tfip , 1 - bloyaznl^, 
RmnnhmCompomid 
5 Thetideo(»iqx}uiidisprq)avedt^tteating6<4^^ 

I>3aidyI)-imidazoE2,l-b]axazole^ described in Example 23, Bendo: etal. . U.S. 
Applicaiion Serial Number 07/365,349, filed June 13, 1989. 

EXAMPLE 16 

10 2-f4^M<ahvlsulfinvlphenvlV3-f4-nvridv1VmiiHa7nri^-alnvrifm^^^ 
FammlafnComnnnnd 

The title compound is piepaied by treating 2-(4-metbylthiqphenyl)-3-(4- 
pyridyl)-imidazo[l,2-a]-pyrimidine, as described in Example 26, Bendo- etal. . U.S. 
Application Serial Number 07/365,349, ffled June 13, 1989. 

15 

EXAMPLE 17 

FtammlamCnmpmnif! 

a) 2-r4>Mftriif«yph>»nynimM.»nri^-ft1pvridine 

20 A chloroforai solution of 7.3 g (32 mmoles) of l-(4-metii03c>T)henyl)-2- 

bronK>-ethan-l-one and 3.0 g (32 mmoles) of 2-aminopyridine was stiired for 5 hours and 
a preciintate was obtained on chilling. This precipitate was washed witii cold carbon 
tetrachloride and reciystallized fiom ethyl acetate to afford die tide c(»npound, melting pdnt 
(nap) 135-137°C, Calcd for C14H12N2O; C: 74.98; H: 539, N: 12.49, Found, C: 74.64, 

25 H: 5.35, N: 12.63. 

b) 2^4-MeflioxvDhenvn-3-ri-eliioxvcarhon vl-1.4-dihvdroDvridvlMmidaa>n.2- 

aTpyridiing 

A solnticHi cil^g (!Sj69 mmoles) (tf 2-(44netiioxyiriienyQin&dazo[l,2- 
alpyridine, prqmred as described in Examide 10a, d Bmder etal, U.S. ApIicaticHi Soial 

3 0 Number 07/365,349, filed Jane 13, 1989, whose disclosure is incotporated 1^ reference 
faraein, is dissolved in 20 ml of dry metiiylene chloride cmtaining 529 g (66.9 mmoles) of 
pyridine was treated with 3.63 g (33.4 mmoles) of ethyl chloroformafi; over one hour. 
Afte- 72 hours, tiie mixture was poured into 0.3 N HQ at 0*C and extracted into metiiylene 
chloride. The organic phase was washed wifli 0.3 N HCl, water and tiien dried over 

3 5 anhydrous sodium sulfate. The solvent was stripped in vacuo to give the tide compound as 
a tan powder, Ir-NMR (250 MHz, CDCI3) o 8.17 (d,l H), 7.60 (d,l H), 7.50 (d,2 H), 
7.12 (d-d,l H), 7.0 (br s,2 H), 6.92 (d.2 H), 6.76 (t,l H), 5.02 (p,l H), 4.79 (br s^ H), 
432 iqa H), 3.76 (s3 H), 1.30 (t,3 H). 
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c) 2-^4-Methoxv phenvlV3-f4>pvridvmmidamri^->a1pvridine 

A mixture of h2 g (3.20 mmoles) of 2-(4-inethoxy-phenyl>-3-(l- 
ethoxycarbonyl.l,4-^ydmpyridyl)-imidazo[l^-a]pyridine, prepared as described in 
Example 10b, of Bender stM-, U-S. Aplication Serial Number 07/365,349, filed June 13, 
5 1989, in 10 ml of decalin was heated at 185 to 190°C under argon with 0J54 g (4.8 

mmoles) ofsublimedsulfurfbr 13 hours. The cooled leacticm mixture was extracted with 
3NHa and the aqueous layer washed with metfiylene chlmde, made alkaluie with 5% 
sodium cait)onates6hitioa and retracted wiA me Aytenechlori The bade oiganic phase 
was dried ovoranhydnms potassium carbonate and stri[^^ Theresiduewas 
1 0 chiTODau)grq>hed on silica and eluted 1 to 8% of methanol in cUm 

(1:1). Rccrystallization two tunes ftcwn ethyl acetate/eAer and once firom ethyl 
acetatc/hexane gave Ae tide compound, mp 127.5«128.5*'C; Calcd for C19H15N3O; C: 

75.73. H: 5.02, N: 13.94; found C: 75.96, H: 5.05, N: 14.00. 



1 5 EXAMPLE 18 

244-Metiivl5mlfinvlp henvlV3-f4^pvridvlMmidazoriJ-alDvrid^^ 

To a stined solution of 5.0 g (163 mmoles) of 2-(4-methylthiophenyl)-3- 
(4-pyridyl)imidazo[l,2<-a]pyridine prepaied as described in Example 12, of Bender fiLsL* 
U.S. AppKcation Serial Number 07/365349, filed June 13, 1989 dissolved in 75 ml of 

2 0 chlort^arm, chilled in an ice bath, is added diopmse a sohirimi of 3.30 g (16.3 mmoles) of 
85% 3*chlorc^ri)en2oic add in chloroform. After stirring at 25^C overnight, the reaction 
mfacture is washed widi 5% sodium carbonate, dried over anhydrous potassium carbonate, 
and stripped in vacuo . The residue is flash chrcraiatogra^hed on silica eluting with 
nacthanol in methylene chloride: 2-prqpanol (9:1). The solvent is removed in vacuo and the 

2 5 residue reoystallized fiom ethyl acetate to give the desired dded con^und. 

In an alternate procedure to that above, 2-(4-piopylsulfinylphenyl)-3-(4- 
pyridyl)imidazo[l,2-a]pyridme is prepared. The sulfide product (1.4 g)2-(4- 
pn>pylthiophenyl)-3-(4-pyridyI)unidazo[l,2-a]pyridine is prepared, in an analogous 
30 method tt)d)at described above, and is dissolved in 25 nil of acetic add and ad^ 
solution ccmtaining 135 g of potassium persulfate (K2S20g) in 30 ml of water. The 
reaction is stirred ovmiight at mom ten:q>erature and worked up by diluting with methylene 
chloride neutralizing with potassium cari)onate. The residue is columned cm sUica gel to 
aSbrd the product 

35 

Example 19 

2-*(4-MethylsulfoxvphenvlV3-bromo-6.7-dihvdn3[5H1pvrrolorL2*a1imi^^^ 
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A 375 mg (1^1 nunol) portion of [formula 1, Ri = methylthio, R2 = btomo] 2-(4- 
M6thylthiophenyl)-3-bronK>-6,7-^ydro[5H]pyiroio[i;2-a]iii)^^ was dissolved in 4 
ndLrOf gladalacedcadd A 347 mg (1.45 mmol) pordon (tf sodium prasuli^ was 
dis5dvedin2inLaf water. Tlie two soludons were dombmed, and die lesultinginixtare 
5 was birred at room tempaatme for 20 h. Saturated aqueous NaHCX)3 sdhidon was added, 
followed by sufficioit solid NaHCX)} to make the mixture bade. Thembcturewasdieii 
extracted wididneepordcBis of EtOAa The comtxuied extracts were diiedovn-MgSO!,, 
filtoxd, and the fOtiate was evqxnated in vacuo to give 372 mg of white crystalline solid 
This material was lecrystallized from EtOAc to ^e 265 mg (67% yieU^ of 2-(4- 

1 0 Mediylsumnylphenyl)-3-hr(Mno-6,7-dihydio[5H]pyirolo[i;2-a]imidazole [formula 1 (Rj = 
methylsulfoxy, R^ = bromo] as white blades, 181-20C. FT-IR (KBr, cm-i): 3100- 
2800 (C-H), 1630 (C=N + C=C), 1085 + 1049 (S=0), 846 (C-H). « NMR (CDQa): 
8.13 (2H, d. J = 8.43), 7.67 (2H, dd, J = 6.82, 1.4), 4.01 (2H, t, J = 7.12), 3.02 (2H, t. 
J = 7.6), 2.75 (3H, s), 2.66 (2H, quint, J = 7.35). «3C NMR (CDCy: 154.32, 143.63, 

1 5 140J0. 136.61, 126.79, 123.65, 95.37, 44.76, 43.95. 25.25, 24.30. Q-MS (NH3): 
328 (15), 327 (89), 326 (19), 325, ((M +H)+. 100), 311 (40), 309 (41), 247 (34), 231 
(20). Henoratal analysis: Calc'd for QaHiaBrNQiS. C 48.01, H 4.03, N, 8.61; found. C 
48.16, H, 4.03. N 8.77. 



20 




EXAMPLE 20 

?><4"Methvlsulfoxvphenvn-6.7-Kiihvdror5miivrrdori,l-aii^^ 

A 32 mg (0.139 mmol) portion of 2-(4-Mefliyldu<jphenyl)-6,7-dihydio- 

2 5 [5H]pyrrolo[l>a]imidazole (formula 1, Ri = metfiylthio, R2 = H), was dissolved in 0.5 

inL of facial acetic acid, and comUned with a solutimi of 40 mg (0.167 mmol) of sodium 
persulf ate in 0.3 mL water. The resulting mixture was stirred at room temperature fisr 3 h, 
then worked up as in Example 1, giving 39 mg of product as a brown oil. This was 
separated on a preparative TLC plate developed twice in 1:9 (v/v) edianolnnediybne 

3 0 cUoiide to give 123 mg (36% yield) of 1 (R, = mediylsulfinyl, R2= H) as a clear glass. 

FT-IR (fflm): 3100-2800 (C-H), 1598 + 1545 (OC), 1385 (C-Nor(Ml), 1088 + 1043 
(S=0) 953 (=C-H), 840 (C-H), 752 (C-S). »H NMR (CDQs): 7.89 (2H. d, J = 8.5), 
7.63 (2H, d. J = 8.5), 7.27 (IH, s), 4.04 (2H, t, J = 7.1). 2.95 (2H. t, 7.5), 2.74 (3H, 
sX 2.64 (2H, quint. J = 7.3). >3C NMR {CDCl^: 155.41, 144.97, 142.92, 137.86, 
3 5 125.27. 123.98. 1 1 1.52, 44.93, 43.91. 26.09, 21.14. DQ-MS (CH«): 249 (12). 248 
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(15), 247 ((M + H)+, 100), 231 (4), 230 (4), 184 (2). HRMS (Q- CH*): required for 
C, A4N2OS, 247.0913 for (M + H); found, 247.0909. 

EXAMPLE 21 " 

5 2-f4-MethvlsulfinvlphenvlV3-f4-pvridvlV67-dihvdror5H1pv m>lori.2-a1irnidazole 

To a solutioa of 154 tog (0 J ttaodO of 2-(4-Mediyltfai(9h«iyl>3-(4-pyridyl)-6,7- 
dihydtD[5II]pym>Io(l,2-a]inadaz(de in 2 mL of g^adal ac^ add was added dropwise an 
aqueous solution of potassium persulfate (135 tag, 0 J nunol in 3.5 mL) at room 
temperature. The reaction mixture was sdned far 22 h, piodudng a clear ydlcnv solution. 
1 0 The pH oi die solution was adjusted to 8-9 by die addition of solid potassium carbonate, 
and dien extracted four times with 20 mL of methylene chloride. The combined extracts 
were washed successively widi 25 mL wat^, 25 mL of saturated aqueous sodium chloride 
solution, thOT dried over magnesium sulfate. The drying agent was removed by filtration, 
and die filtrate was ev^orated in vacuo. The resulting oil solidified on standing at room 

1 5 tenoperature, then was slurried in ediyl acetate and the solvent filtered off, giving 108 mg 

(67% yield) of 2-(4-Metiiylsulfox)T)henyl)-3-(4-pyridyl)-6,7-dihydro[5K0py^ 
ajhnidazole. TLC anal3^s (Analtedi SiQ2> 95:5 methylene chIori(fe:median<d) showed die 
absence of any sulfone derivative, and the presence of a smgle spot comigrating with the 
meti^lsulfoxy derivative* 

20 

EXAMPLE 22 
2-(4-Mg%lw1f9xyphcny|>3-f4>pyridyl)-6J-^^ 

To a solution of 154 mg (0.5 mmol) of 2-(4-Methylthiq)henyl)-3-(4-pyridyl)-6 
dihydro[5H]pyirolo[l,2-a]imidazole in 2 mL of glacial acetic acid was added dmpwise an 

2 5 aqueous solution of sodium persulfate (143 mg, 0.6 mmol in 1 mL) at room temperature. 

The reaction mixture was stirred for 28 h. A 50 mL portion of water added, the pH was 
adjusted to 8-9 by the addition of solid potassium carbonate, and then the mixture was 
extracted tfireetiineswitii 20 niL of inethylene chloric The combined extracts were 
washed succes^vely witii 25 niL water, 25 mL of saturated aqueous sodium chlcoide 

3 0 soluticm, dien dried over magnesium sulfate. The drying agent was xraooved by filtration, 

and the filtnite was evaporated iajSQCUQ- Afk^diyingfor 18hat5&>Cy35mmofHg,tbe 
solid wdghed 153.6 mg for a chra:iical yidd of 95%« The chemical puriQr was determined 
byHFLCtobe92%. No suMbne derivative was detected by HPLC 

35 EXAMPLE 23 

2-f 4'propvlsulfinvlphen vl V3-f4-pyridvl V6.7-<iihvdn>r5H1pvrrolor 1 .2-a1imidazole 
The sulfide (1.4 g) 2-(4-propylthiophenyl)-3-(4-pyridyl)-6,7-dihydro-. [5H]- 
pynolo [l,2*a] imidazole was prepared as described in Example 3 of US Patent No. 
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Adams et al.. U.S. Patent issued 01/12/88, and see Example 18 of this 

application as well, and was dissolved in 25 ml of acetic acid and added to a solution 
ccmtaining 1.35 g of potassium persulfate (K2S2Q8) in 30 ml of water. The reaction was 
sdned overnight at loom temperatoic and worked up by diluting with methylene chloride 
5 neutralizing with potassium carbonate. The le^due was columned (msQica gel to afibid 
the product and dien further purified by lecrystalization fiom etherAne&ylene chloride: 
m,p, n4-116°Q mass spec (DCIZNH3) 352(M+1), 336. Analysis Calcd. for 
C20H21N3SO: C, 68.35; H. 6.02; N. 11.96; S, 9.12. Found: Q 68.17; H, 6.14; 
11.97; S, 9.05. 

10 

The above description fully discloses the invention including preferred 
embodiments thereof* Modifications and improvements of the enibodiments specifically 
disclosed herein are within die scope of the following claims. Without further elaboration, 
it is bdieved diat erne skilled in the art can, using the preceding description, utilize the 
1 5 present invention to its fullest ^ctent Therefore Ae Examples herein are to be construed as 
merely illustrative and not a limitation of die soc^ of die present inventimi in any way. 
The embodiments of the invention in which an exclude property or privilege is claimed 
are defined as follows. 
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OAIMg 

What is claimed is: 



1 . A method of treating an OPUFA mediated disease in a subject in need 
tfiCTBof which ccxxqnises administering to such subject an effective OPUFA inlubiting 
amount of a compCHmd of die formula: 

?2 



H 



FORMULA® 



1 0 wherdn: 



W is -CR5=CR7-, -N=CR7-, -S- or -0-; 
R2, R3, R5» and R7 are, independrady, -H or 0^.2 ^ikyl; 
cHie of Ri and Rq is 4-pyridyl or Cj^ aIlgrl-4-iqfxidyl, provided that when Ri 
is Ci-4 alkyl-^'pyridyl the alkyl subsdtuent is located at die 2-poridon ci the pyridine ring, 
IS anddieodier<tfRiandRois 

(a) phenyl or monosubsdtuted phenyl wherein said subsdtuent is Ci^ 
alkyl, halo, hydroxy, Ci«4 alkoxy, C1.3 alkylthio, C1.3 alkylsulfinyl, 
C2-5 1-alkenyH-thio, C2-5 l-alkcnyl-l-sulfinyl, C3.5 2-alkenyH-thio, 
C3-5 2-alkenyH-sulfinyl, C1.3 alkylsulfonyl, C2.5 l-alkenyl-l-sulfonyl, 

2 0 C3«5 2-alkcnyH-suIfonyl, Ci_3 alkylamino, C1-3 dialkylamino, CF3, N- 

(Ci.3aIkanamido), N-(Ci.3 aIkyI)-N-(Ci.3aIkanamido), N-pynolidmo, N- 
pip^dino, prpp-2-»e*l-07^ or 2,2,2-trihaIoedK>?r^, diiol, acylduo, dithio- 
9cyU diiocariximyl, didiiocariianiyl, alkylcarixmylaDcylthio, carbaUooxy- 
alkyltfaio, alkoxycarix>nyldiio, alkoxydiionothio, phenylthio, ph^I- 
25 sulfinyl, alkoxyalkyldiio, alkoxyalkylsuMnyl alkylthioalkyldiio, Z, or 

acyloxyalkyldiio; 

(b) disubstituted phenyl wherein said substitutents are, independendy, 
C1.3 alkylthio, C1.3 alkoxy, halo, Cj^alkyl, C1.3 alkylamino, N-(Ci.3 
alkyl)-N-(Ci.3 alkanamido, C1.3 dialkylamino, amino, N-pynolidino or N- 

3 0 piperidino; 

(c) disubsdtuted phenyl wh^ein one of said subsdtuents is C1.3 
alkoxy, halo, CF3, alkyl, and the other subsdtuent is thiol, acylthio, 

dithioacyl, thiocarbamyl, dithiocarbamyl, alkylcarbonylalkylthio, 
cari)aIkoxyalkyldiio, alkoxycarbonyldiio, alkoxydiionothio, phenylthio, 
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10 



15 



20 



alkoxyalkylthio, alkoxyalkylsulfinyl, alkylthioalkylthio, Z, or 
acyloxyalkylthio; or 

(d) disuhsdtxited phenyl wherein one of said substituents is amino, 
C1.3 alkylamino or C1-3 dialkylanuno; and die other subsdtuent is €1^3 
alkylsulfinyl, C2.S -1-alkenyl-l-duo, C2.5 1-altenyl-l-suliinyl, C3-5 
2-aItenyl-l-diio, C3.5 2-aIkenyl-l- sdfinyl, duol, ac^lduo* diduoacyl, 
diiocaibamyl, diduocarbanQrl, alkylcaibonylall^lduo, caibalkoT^alkyldiio, 
altoxycarbonyldiio, alkoxyduonodiio, phenyldiio, phenylsulfinyl, 
alkoxyalkylddo, alkoTq^allgrlsalfinyl, alkylduoall^ldiio, Z, ac 
acyloxyalkyldiio; or 

(e) disubsdtuted phenyl whetein said substituents are the same and are 
selected from halo, C1-.3 alko:xy, C1-3 alkylamino, Ci«3 dialkylamino, N- 

pynolidino, N-piperidino, 2,2,2-trihaloethoxy, prop-2-ene-l-oxy, or 
hydroxy, C1.3 alkylthio, C1.3 alkylsulfinyl, C1.3 alkyl-sulfonyl, C2-5 1- 
alkenyl-l-ddo, C2.5 -l-alkenyM^s»ilfinyI, C3.5 2-alkenyl-l-diio, €3.5 2- 
aIfcenyl-1-solfinyI, thiol, acyldiio, didiioacyl, diiocarbamyl , dithio- 
carban^U alkylcaiboiqrlall^ldiio, caxbalkoxyalkyltfaio, alkoT^carbonylthio, 
alkoxyduonodno, phenylthio, phenylstdfinyl, alkosgrall^lduo, alkox/aOcyl- 
sulfinyl , alkyldiioalkylthio, Z, or acyloxyaU^ldiio; or wherdbi the 
substituents together f onn a mediylene dioxy group; 

(f) a moiety of one of the following formulae: 



wherein t is 0c»rl; 

R4 and R6 are independendy selected from hydrogen, Cij^ alkyl, aryl or 
heteroaryl; 

Zis-S-(CR4R6)rS-Zi; 




or 
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Zi is C J.9 alkyl, aryl or heteroaryl; 
or a phannaceutically acceptable salt thereof. 

2. The method accoiding to Qaim 1 wherein 

5 W is -CR5=CR7-, -N^CR?-, -S- or -€)•; 

R2 and R3 are hydrogen, 

one of Ri and Rq i$ 4-pyridyI or C1.2 alkyI-4-pyridyU provided that when Rj 
is C1.2 aIkyl-4-pyridyl the alkyl subsdtuent is located at the 2-position of the pyridine ring, 
and die other of Ri and Rq is 
1 0 (a) monosubstituted phenyl wherein said substituent is halo, 

Ci-3 alkylammo, C1.3 dialkylamino, thiol, hydroxy. C1.3 alkoxy^ C1-3 
aDcylthio, C1-3 alkylsulfinyl, acyloxyallqrltfiio, or acylthio; 

(b) disubstituted phenyl wherein said substitatents are, independendy, 
Ci-3 alkyllhio, C1.3 alkoxy, C1-3 alkylamino, C1.3 dialkylamino, N- 

15 pyrrolidino,orN-pipOTdino; or 

(c) disubsdtuted pheirsfl wherdn ont of said substituents is 
alkylsulfinyl, acylduo, l-ac^loxy^l-alkyldiio and die other is Ci^3 alkoxy or 
halo; or 

(d) disubsdtuted phenyl wherdn cme of said subsdtuents is C1.3 
2 0 alkylammo, C1.3 dialkylamino and the other is sdected from acylduo, 

alkylsulfinyl, phenylsulfinyl or acyloxyalkylthio; or 

(e) disubsdtuted phenyl wherein die subsdtuents are die same and are 
Ci-3 alkoxy, Ci^2 allgrlsulfinyl, C2-3 1-alkenyH-tfuo, 2-propenyH-duo or 

l-acyloxy-l-aUylthio or wherein die subsdtuents togedior form a methylene 

2 5 dioxy group. 

3. The mediod of Qaim 2 wherein: 

W is -Cai5=CR7-, -N=C3l7-, -S-. or -0-; 

R2 and R3 are hydrogen, 

3 0 one of Rj and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl, provided that 

when Ri is C1I2 aIkyl-4-pyridyl the sSkyl subsdtuent is located at die 2- 
posidon of die pyridine ring, and the other of Ri and Rq is 

(a) monosubstituted phenyl wherein said subsdtuent is C1.3 alkoxy, Ci- 
3 alkyldiio, C1.3 alkylsulfinyl, acyloxyalkyldno, or acylthio; 
3 5 (b) disubsdtuted phenyl wherein said subsdtutents are, independendy, 

Ci-3 alkylthio, C1.3 alkoxy, C1.3 alkylamino, or C1-3 dialkylamino; or 
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(c) disubstituted phenyl wherein one of said substituents is 
alkylsulfinyl, acylthio, 1-acyloxy-l-alkylthio and the othw is C1.3 alkoxy or 
halo; or 



5 



(d) disubstituted phenyl wherdn one of said substituents is C1.3 
allgrlanmio, C1.3 dialkylamino and the other is sdected from acylthio, 
atkylstdfinyl, phenylsulfinyl or acyloi^alkylthio; or 



10 



(e) disubstituted phenyl ixlierein the siibsdtueats are the same and are 
Ci-3 alkoxy» C1.2 alkylsulfinyl, C2-3 l-alkwiyl-l-tihio, 2-pippcnyl-l-thio or 

1-acyloxy-l-alkyldiio or ^eiein the siibsdtumts togedier foam a methylene 
dioxy group. 



4. The method according to Claim 2 which is 2-(4-metho3cyphenyl)-3-(4-pyiidyl)-iinidazo- 
[l,2-a]-pyiidine. 

15 5. Themediodaccoidingtoaaiml to4when»ndieen2yme5-Upoxyg«a^ 

6. The nietihod of treatment accoR&gtt^OaunS^erdn the OPl^^ 

selected bom artfiritis, iteumatoid arduitis, osteoarthritis, allergic riiinitis, psoriasis, 
demoatids, ischemic induced niyocardial injury, rq)erfusioii injury, gout, asthma, adult 
2 0 resphatoiy distress syndrome, athoDSclerosis, inflammamiy bowel disease, stroke, spinal 
cord injury or traumatic brain injuiy* 

7. Amethod of treating acyclooxygenase padiway mediated disease in a subject in need 
thereof whidi comprises administering to such subject an effective, non-toxic 

25 cyclooxygenasepadiwaymhibiting amount of a compound of the formula: 



is Ci^ aIkyl-4-pyridyl the alkyl substituent is located at die 2-position of the pyridine ring, 
and the other of Ri and Rq is 




FORMULA a) 



30 



W is -CR5^CR7-, -N=CR7-, -S- or -O; 
R2, R3, Rs* and R7 arc, independently, -H or CiJi alkyl; 
one of Rj and Rq is 4-pyridyl or Cj^ allq^l-4-pyridyl, provided that when Rj 



(a) phenyl or monosubstituted phenyl wherdn said subsdtuent is 
alkyl, halo, hydroxy, C1-4 alkoxy, C1.3 alkyldiio, C1.3 alkylsulfinyl, C2. 



W091/1M97 - PCr/US91/04022 



5 1-aIkenyH-thio, C2-5 1-alkenyl-l-suIfinyl, C3-5 2-'alkenyM-thio, C3.5 
2-alkenyH-sulfinyl, C1.3 alkylsulfonyl, C2-5 1-alkenyl-l-suIfonyl, C3.5 
2-alkcnyl-l-sulfonyl, C1.3 alkylamino, Ci,,3 dialkylamino, CF3, N-(Ci. 
3alkananiido), N-(Ci.3 alkyl)-N-(Ci^3alkanaimdo), N-pyrrolidino, N- 
5 piperidino, prop-2-ene-lK>xy or 2,2^-trihaloethoxy, thiol, acylthio, 

ditfaioacyl, thiocarfoamyl, ditfaxocarbamyl* all^lcaibonylallcylthio, 
caibaltoxyalkylthio, altoxycarbonyldiio, alk<^ythionotibio, phenylthio, 
phenylsidfinyU alkoxyallgrltfaio, alkoxyanqrlsulfinyl allgrlthioalkylthio, Z, 
orsuyloxyalkyltfaio; 

10 (b) disubstituted phenyl wherein said subsdtutents axe, independently, 

C1.3 alkyldiio, C1-.3 alkoxy, halo, Ci^ alkyl, C1.3 alkylamino, N-(Ci. 
3alkyl>N-(Ci.3 alkanamido^ Cx-3 dialkylamino, amino, N-pynolidino or 
N-piperidino; 

(c) disubstituted phenyl wherein one of said subsdtuents is C1.3 
1 5 alko^, halo, CF3, alkyl, and the other subsdtumt is thiol, acylthio, 

dithioacyl, thiocarbamyl, dithiocarbamyl, allc/Icaibonylalkyltfaio, 
cazbalkoTgfalkylthio, aUa>xyc^bonyltfaio, alkoxydiionothio, phenyltfaio, 
alkoTKyallgrltfaio, alfcoxyallgflsulfinyl, alkylthioalkyllhio, Z, or 
acyloxy allgrlthio; or 

2 0 (d) disubstituted phenyl wherein one of said substituents is amino, Ci- 

3 alkylamino or Cl-3 dialkylamino; and the other substituent is C1.3 
alkylsulfinyl, C2.5 -I-alkenyl-1-diio, C2-5 1-alkenyH-sulfinyl, C3.5 2- 
alkenyH-thio, C3.5 2-alkenyH- sulfinyl, thiol, acylthio, dithioacyl, 
tfiiocarbamyl, dithiocarbamyl, alkylcarbonylallgrlthio, carbalkoxy-alkylthio, 

2 5 alkoxycarbonylthio, alkoxythionotfaio, phenylthio, phenylsul&iyl, 

alkoxyalkylddo, alkoxyalkylsulfinyl, alkylthioalkyllhio, Z, or 
acyloxy alkyltfaio; or 

(e) disubstituted phenyl wherein said substituents are die same and are 
selected from halo, C1-3 alkoxy, C1.3 alkylamino, C1-3 dialkylamino, N- 

3 0 pyrroMno, N-pipcridino, 2A2-trihaloethoxy, pPop-2-ene-l-oxy, or 

hydroxy, C1.3 alkylthio, C1.3 alkylsulfinyl, C1.3 alkyl-sulfonyl, C2-5 1- 
alkenyl-l-thio, C2-5 -1-alkenyH-sulfinyl, C3-5 2-alkenyl-l-thio, C3.5 2- 
altenyl-l-sulfinyl, thiol, acylthio, dithioacyl, thiocarbamyl , 
ditfiiocarbamyl, alkylcarbonylalkylthio, carbalkoxyalkylthio, 
3 5 alkoxycarbonylthio, alkoxythionothio, phenylthio, phenylsulfinyl, 

alkoxyalkylthio, alkoxyalkylsulfinyl , alkyldiioalkylthio, Z, or 
acyloxyaUqrlthio; or wherein the substiments together.forai a methylene 
dioxy group; 
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(f) a moiety of one of the following formulae: 




5 wherein t is 0 or I; 

R4 and R6 ate independently sdected Sxm hydrogen, C1.9 alkyl, aryl or 
heteioaryl; 

Z is -S"(CR4R6)rS-Zi; 

Zi is C1.9 alkyU aiyl or heteroaryl; 

10 or a phannaceudcally acceptable salt thereof. 

8* ThemethodaccordingtoGIaim? wherein die odiCT of Rl and Ro is 
W is -CR5=CR7-, -N=CR7-, -S- or -0-; 
R2 and R3 are hycbogen, 

1 5 one of Rj and Ro is 4-pyridyl or C1-.2 alIcyrl-4-pyridyl, provided that when Ri 

is Ci-2 alkyl-4-pyridyl the alkyl substituent is located at die 2-position of the pyridine ring, 
and die odier of Ri and Rq is 

(a) monosubstituted phenyl whoein said substituent is halo, CF3, 
C1.3 alkylamino, C1-3 dial^lanciino» thiol, hydroxy, C1.3 alkoxy, C1.3 

2 0 aHcylduo, C1-3 alkylsdfinyl, acyloxyalkyldiio, or ac^lthio; 

(b) disubstitoted phenyl wherein said sabsdtutents are, indqpendendy» 
C1.3 aUcyldiio* Ci^3 alkoxy, C1.3 alkyiamino, Ci.3 dialkylamino, N- 

pyirolidino,orN«piperidino; or 

(c) disubstituted phenyl wherein one of said substituents is 

2 5 alkylsulfinyl, acyldiio, l-acyIoxy-l-al]grlthio and the oth^ is €1^3 alkoxy or 

halo; or 
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(d) tiisubstituted phenyl wherdn one of said substituents is C1.3 
alkylamino, C1.3 dialkylamino and the other is selected from acyltiiio, 
alkylsulfinyl, phenylsulfinyl or acyloxyalkylthio; or 

(e) disubstituted phenyl wherein the snbsdtaents are Has same and are 
5 C1.3 alkoxy, Ci-2 attgfculfinyl, C2.3 1-alkenyl-l-thio, 2-propenyl-l-thio or 

l-acytojgr-l-allqrlthio or whoon the snbstituaits together fi»m a noethylaie 

dioxy group. 

9. The method of Claim 8 wheidn: 
10 W is -CR5-CR7-, -N=CR7-; 

R2 and R3 are hydrogen, 

one of Ri and Ro is 4-pyridyl or C1-2 alkyl-4-pyridyl, provided that 
when Ri is C1.2 alkyl-4-pyri(fyl the allqrl substitoent is located at Ae 2- 
poMtion of the pyridine ring, and theotfiCTofRi andRQis 
1 5 (a) monosutetituted phenyl wherein said sabstituoit is C1.3 alkoxy, Ci- 

3 alkylfliio, C1.3 allqrlsulfinyl. acyloxyallq'lfluo, or acylddo; 

(b) (fisobstitnted phei^l wherdn said subsdtutents are, iiulq)endmdy, 
C1.3 allqrlihio, C1.3 alkoxy, C1.3 alkylamino, or C1.3 dialkylamiao; or 

(c) disubstitoted phei^l viiierdn one of said subsdtucnts is C1.3 

2 0 alkylsulfinyl, acjdifaio, l-aqrUwy-l-alkylthto and the otha is C1.3 alkoxy or 

halc^or 

(d) disubstituted phenyl wherein one of said substituents is C1.3 
alkylamino, C1.3 dialkylamino and die oUict is selected from acyltiiio, 
alkylsulfinyl, phenylsulfinyl or acyloxyalkylthio; or 

2 5 (e) disubstimted phenyl wherdn die substitowits are die same and arc 

C1.3 alkoxy, Ci-2 alkylsulfinyl, C2-3 1-alkenyl-l-thio, 2-propcnyl-l-thio or 
1-acyIoxy-l-alkyltiuo or wherein the substituents togtther form a metiiylaie 
dioxy group. 

30 10. Hie method accc«fing to Claim 9 which is 2<4-methoxyphBnyl)-3-(4i)yridyl)- 
iimdazo-[l,2-a}-pyridine. 

11. The mediod acconJing to Claun 7 whoein die cyclooxygenase disease state is pyrosis, 
pain, osteoortiiritis, riioimatoid arthritis, tiuombosis, inflammation, uticaria or edema. 

35 

12. A metiiod of treating an OPUFA mediated disease in a subject in need tiiereof which 
comprises administering to such subjea an effective, OPUFA inhibiting amount of 
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2K4-Afcthoxyphenyl).3<4-pyridyl>7K)xo-5,6-dihydio^ 

5,6-daydn>-2-<4-McthcixypheiQrl>3-(4-p^ ^ 

5,6-dihy<ho-7J-difluorc)-2-(4-MeflioxyphenyQ^^^ 

i mid az o le or a phannaceatically accqitable salt tfiereof ; 

5 

13. The method according to aaim 12 wherein die QPOPA med^atffd disease is selected 
ftom arthritis, iheumatoid arthritis, osteoartiiritis, alleigic rhinitis, psoriasis, dcnnatitis, 
ischemic induced myocaitiial injury, iiq)erfusion injury, gout, astiuna, adult lespiiatoiy 
distress syndrome, atherosclerosis, infianunatory bowel disease, stroke, spinal cord injury 

10 or traumatic brain injury. 

14. The method accordmg to Claim 13 wherein die enqme 5-Iipoxygenase is inhibited 

15. A method of treating a (^lo^g^uisepadiway mediated disease in a su^^ 

1 5 thereof which cmpises admimstering to such sutgect an effective cycloo^gr^nase 
. inhibiting amount of 

2-<4-Meflioxyphenyl)^3-(4.pyridyl)-7K>xo-5,6-dihydro-[^^ 

5,6-dihydro-2-(4-Metixoxyphenyl)-3-(4-pyridyl>[7iq-p5ra)l^ or 
5,6^ydio-7,7-^uoro-2K4-Methoxyphenyl)-3-(4-pyridyl)-|7^ 
2 0 imidazole; or apharmaceutically acc^table salt Aeieof. 



1& A compound of die formula 



25 Forniiila(l]0 
wheidn 

W is -CR5=<:R7-, -N=CR7-, -S- or -0-; 
^2, R3. R5, and R7 arc, independently, -H or C1.2 alkyl; 
and one of Ti and To is 4-pyridyI or Cm allqrl-4-pyridyl, provided that when 
30 Ti is Cm aIkyl-4-pyiidyI the alkyl substituent is located at the 2^position of the pyridine 
ling, and the other of Ti and To is 

(a) nuxiosubstituted phenyl whoein said substituent is hydroxy, C1.3 
alkylsulfonyl, C2-5 1-alkenyl-l-sulftMiyl, C3.5 2-alkenyl-l-sulfonyl, C3.5 2- 
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5 



10 



15 



20 



25 



alkenyl-l-sulfonyl, C1.3 alkylamino, C1.3 dialkylamino, CF3. N-C1.3 - 
alkanamido, N-(Ci.3 alkyI)-N-(Ci-3 alkanamido), N-pynolidino, N- 
piperidino, prop-2-cne-l-oxy, 2;2,2-trihaloethoxy, thiol, acylthio, dithioacyl, 
tiiiocaxiiamyl, dithiocarbamyl, alkylcaibmylallg^Ithio* caibaIkoxya%ltfaio, 
allK»7caiix>n^thio, alkoxythionoihio, phenyltfaio, alkoxyalkyltfaio, 
aItEX)Kyan7l5iilfinyI , alkyltUoalkylthio » or 2^ or 

(b) disubsdtuted phenyl wherein one of said subsdtuents is amino, N- 
C1.3 -alkanamido, N-(Ci.3 aIkyl)-N-(Ci.3alkanamido), C1-3 alkylamino, 
Ci-3 dialkylamino, N-pynolidino, or N-piperidino; and the odier substituent 
is C1.3 alkylsulfinyl, €2^5 -1-alkenyH-duo, C2.5 1-alkenyl-l-sulfinyl, C3. 
5 2-alkenyl-l-thio, C3-.5 2-alkenyH- sulfinyl. thiol, acylthio, dithioacyl, 
duocarbamyl, didiiocarbamyl, alkylcaibonylalkjrlthio, caibalkoxyalkyldiio, 
alkoxycarbonyldiio, alkoxyfliionothio, phenylthio, alkoxyalkylthio, 
alkoxyallgrlsiilfinyl, alkyldiioalkyltfaio, Z, or acylorj^alkylthio; or 

(c) disabsdtaled phmyl who^ said subsdtuenis are die same and are 
selected fiEom halo, C1-.3 alkoxy, C1-3 allgrlamino, C1-3 diall^lamino, N- 
pyirolidino, N-pipmdino, 2;2,2'trihaloedioxy, prap-2-ene-l-<wcjr, hydroxy, 
diiol, acylthio, diduoacyl, diiocarbamyl , diduocaibamyl, 
dlkylcarbonylalkyIthio» carbalkoxyalkyltMo, alkoxycarbonylthio, 
alkoxythionothio, phenyldiio, alkoxyalkyldiio, alkoiQralkylsalfinyl , 
alkylthioalkylthio, or Z; or 

(d) disubsdtuted phenyl wherein said substituents are, independendy 
C1.3 alkylamino, C1.3 dialkylamino, amino, N-(Ci.3alkyl>N-(Ci.3 
alkanamido, N-pyxrolidino or N-piperidino; or 

(e) a moiety rf<me of the following fbmmlae: 



wherein t is Dor 1; 

R4 and R6 are independendy selected from hydrogen, C1.9 alkyl, aryl or 
heteroaiyl; 





OR 
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Z is -S-(CR4R6)rS-Zi; 

Zi is Ci^9 alkyl, aiyl or heteioaiyl; 

or a phannaceudcally accqptable salt Aereof. 

S 17. A phannaoeutical composition accoiding comprising a compoimd of Cl^^ 16 and a 
phannaceutically acceptable canier or diliienL 

18. A method of treating an OPUFAmedkted disease, in a niammalm 

winch process comprises administering u> said mamnud an effective OPUFA inhibiting 
1 0 amount of a compound according to Claim 16.. 

19. The method according to Claim 18 wherein the enqmoie 5-Iipoxygenase is inhibited 

20. A phannacentical composition fcnr use in medicine for treatment of an OPUFA or 
1 5 cydooxygenase mediated disease state coiiqmsing a pharinace^ 

diluent and a compound of Formula ODD* 

^2 ?3 



H 



Foimula(m) 

20 wherdn Wis-CR5=<3l7-,-N=CR7-,-S--OT-0-; 

R2, R3, R5, and R7 are, indepmdentiy, -H cxr Ci^2 aU^U 
and one of Si and So is 4-pyridyl or Cm aIkyl-4-pyridyl, prcyvided that when Si is Ci^ 
aUrsrl-^-pyridyl the alkyl substituent is located at die 2-position of the pyridine ring, and the 
oth^ofSiandSo is 

2 5 (a) nK>nosutetituted phenyl wherein said substituent is -H, Ci^ alkyl, 

halo, C1.2 alkoxy, Ci«3 alkylthio, C1.3 alkylsulfinyU C2-5 1-alkenyH-thio, C2-5 
1-alkenyH-sulfinyl, C3.5 2-'alkenyl-l-tiuo, C3-5 2-alkenyl-l-sulfinyl. or 
acyloxyalkylthio; or 

(b) disubstituted phrayl wherein said substitutents are, independentiy, C1.3 

3 0 allgrltfaio, C1-3 alkoxy, halo, or C1-4 alkyl; or 

(c) disubstituted phenyl wherein one of said substituents is C1.3 alkoxy, 
halo, Ci^ alkyl; and tfie otter is C1.3 alkylsulfinyl, C2.5 -1-alfcenyl-l-tfiio, C2-5 
l-alkcnyl-l-sulfinyl, C3.5 2-alkenyH-thio, C3.5 2-alkenyl-l- sulfinyl, or 
acyloNyalkyltluo: or 
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(d) disubsdtuted phenyl wherein the substituents are the same and are C1.3 
alkylsuKnfyl. C2-5 l-alkenyH-thio, C2-5 -1-alkenyM-sulfinyI, C3.5 2-alkenyl-l 
thio, C3-5 2-alkenyH-sulfinyI, ca- acyloxyallg^lthio; or wherein the substituents 
together fonn a methylene dioxy; 
5 and the pharmaceudcally acceptable salts diereof. 

21. Apharinaceuticalcxmipodtianforuseintreating^anOI^ 
comprising a phaimaceutically accqitable carrier or diluent and a conqx>und selected finom 
2K4-Methoxyphcnyl)-3-(4-pyridyl)-7Hoxo-5,6-dihydro^ 

1 0 [l>a]-imidazole; 

5,6-dihydro-2-(4-Methoxyphenyl)-3-(4^pyridyl^[7H]-p^^ 

imidazole-T-ol; €»: 

5,6-dihydro-7J-^uoro-2K4-Methoxyphenyl>3-(4-pyridylV 
[i;2-a]-imida2ole; or phannaceutically acceptable salt thereof. 

15 

2L A process for oxidizing arylsulfxdes to aiylsalfoxides wherdn the aiyl sulfide is a 
substituent groxsp on a heteroarmiatic mtrogen crataining ring system, which process 
coniprises treating said arylsulfide with sodium or potassium persidfatB in aqeuous acetic 
add to yield the corre^xmding axyl sulfoxide derivad ve; provided tfiat die heteroaromatic 
20 ling is odicr flian a 2KCi^3 alkylsuIfidephcnyl>3-(4iiyridyl)-^7-^ 
[2 J-a]im]dazole ring systrai when the oxidant is potasdum persulfate. 

23. The process according to Claim 22 wherein die aiyl sulfide is aphenylsulfide moiety. 

25 24. The process according to Qaim 23 whaein die aiyl sulfide is an allgrl or ar^^ 
substituted sulfide. 

25. The process according to Qaim 24 wherein the alkyl substituted su^ 
orethylddo. 

30 

26. llie process accoiding to Qaim 25 wheidn die oxidant is potas^mnpmul^^ 

27. The process according to Oaim 26 wherein die oxidant fe sodium p^ 

3 5 28. The process according to Oaim 26 27 wherein die reaction t^perature is 
about 0** Cio about 60° C. 
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29. The process accoiding to Gaim 22 wherein an additional co-solvent, such as acetone 
OTTHFisused. 

30. The process accoiding to Qaim 22 wherein the heteroaiomatic mtrogen containing ling 
5 system is selected fiom pyiiole» pyiazole, imidazole, imidazolididine, pyrazolidine, 

pyrazoline, nxupholine, pyridine, pyrazine, indolizine^ indoline, purine, quinoline, 
isoquinoline, napthyridine, triazole, pyzimidBne, {npoidine, isoindole, 3H-indoIe, 
cinnoUne, carbazole, phenanduadine, phenaadne, isothiazole, iniidazo[l,2*b}- 
[1 A4]tria2ine, triazine, pyridazine, 6,7-dihydio-[5H]-pyrrolo[2,l-a]imidazole, 
1 0 23-dihydiDimidazo[2,l-bl-diiazole, imidazo[2,l-b]thiazole, 23 A5 tetrahydro-imidazo- 
[2,l-b]thiazole, imidazo[2,l-b]oxazoIe, imidazo[l,2-a]pyridinc; 5,6,7,8- 
tetrahydioimida2x>-[l,2-a]pyridine, or a iniidazo[l,2-a]pyrimidine ring system. 

3L The piocess according to Claim 22 wheranAe oxidant is sodium per^^ 
1 S heten>aiomatic nitrog«i containing ring is 3-(4-pyridyl)-6,7-dihydro-[SH]-pyiioIo-[24- 
a]imidazole ring and die aryl sdide is 2-metlqrlliuophen^ or 2*piopyIthi(^henyL 
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